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MESSAGE 


FROM  THE 

PRESIDENT  OF  THE  UNITED  STATES, 

COMMUNICATING 

INFORMATION  IN  RELATION  TO  THE  BOUNDARY-LINE  BETWEEN  THE 
UNITED  STATES  AND  THE  POSSESSIONS  OF  GREAT  BRITAIN, 

FROM  TIIE 

NORTHWEST  ANGLE  OF  THE  LAKE  OF  THE  WOODS  TO  THE 
SUMMIT  OF  THE  ROCKY  MOUNTAINS. 


February  23,  1877.— Read,  ordered  to  lie  on  the  table  and  be  printed. 
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To  the  Senate  and  House  of  Representatives : 

I  transmit  herewith  a  report  from  the  Secretary  of  State  bearing  date 
the  20th  instant,  with  its  accompaniments,  being  the  report  of  the  commis¬ 
sioner  of  the  United  States  and  of  the  officers  of  engineers  attached  to  the 
commission  appointed  to  determine  the  boundary-line  between  the  United 
States  and  the  possessions  of  Great  Britain,  from  the  northwest  angle  of  the 
Lake  of  the  Woods  to  the  summit  of  the  Rocky  Mountains.  These  reports 
announce  the  completion  of  the  labors  of  this  commission,  whereby  the 
entire  boundary-line  between  the  United  States  and  the  possessions  of  Great 
Britain  is  marked  and  determined,  except  as  to  that  part  of  the  territory  of 
the  United  States  which  was  ceded  by  Russia  under  the  treaty  of  1867. 

U.  S.  GRANT. 

Washington,  February  23,  1877. 


Department  of  State, 
Washington ,  February  23,  1877. 

By  the  act  of  March  19,  1872,  entitled  “An  act  authorizing  the  survey 
and  marking  of  the  boundary  between  the  territory  of  the  United  States 
and  the  possessions  of  Great  Britain,  from  the  Lake  of  the  Woods  to  the 
summit  of  the  Rocky  Mountains,”  the  President  was  authorized  to  co-operate 
with  the  Government  of  Great  Britain  in  the  appointment  of  a  joint  com¬ 
mission  for  determining  such  boundary-line  between  these  points. 

This  boundary  to  be  determined  was  that  defined  in  the  second  article  of 
the  convention  between  the  United  States  and  Great  Britain  of  October  20, 
1818,  whereby  it  was  provided  “that  a  line  drawn  from  the  most  north- 
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western  point  of  the  Lake  of  the  Woods,  along  the  forty-ninth  parallel  of 
north  latitude,  or,  if  the  said  point  shall  not  be  in  the  forty -ninth  parallel  of 
north  latitude,  then  that  a  line  drawn  from  the  said  point  due  north  or  south 
as  the  ease  may  be,  until  the  said  line  shall  intersect  the  said  parallel  of 
north  latitude,  and  from  the  point  of  such  intersection  due  west  along  and 
with  the  said  parallel,  shall  be  the  line  of  demarkation  between  the  territo¬ 
ries  of  the  United  States,  and  those  of  His  Britannic  Majesty,  and  that  the 
said  line  shall  form  the  northern  boundary  of  the  said  territories  of  the  United 
States,  and  the  southern  boundary  of  the  territories  of  Ilis  Britannic  Majesty, 
from  the  Lake  of  the  Woods  to  the  Stony  Mountains.” 

At  the  time  of  the  passage  of  the  act  of  1872,  the  boundary  between  the 
United  States  and  Great  Britain  had  been  surveyed  and  adjusted  from  the 
Atlantic  to  the  northwest  angle  of  the  Lake  of  the  Woods,  and  the  land-line 
had  likewise  been  surveyed  and  adjusted  from  the  summit  of  the  Rocky 
Mountains  to  the  Georgian  Bay,  leaving  undetermined  of  the  entire  bound¬ 
ary  the  line  between  the  northwest  angle  of  the  Lake  of  the  Woods  and 
the  summit  of  the  Rocky  Mountains,  the  water-boundary  upon  the  Pacific 
Ocean  provided  for  by  Article  I  of  the  treaty  of  1846,  and  the  line  between 
that  portion  of  territory  ceded  by  Russia  to  the  United  States  under  the 
treaty  of  1867  and  the  possessions  of  Great  Britain. 

Under  Article  XXXIV  of  the  treaty  of  Washington,  the  question  as 
to  what  was  the  proper  water-line  through  the  channel  which  separates 
Vancouver’s  Island  from  the  continent  was  submitted  to  the  arbitration  of 
the  Emperor  of  Germany,  pursuant  to  whose  award  and  the  protocol  of 
March  10,  1873,  such  line  was  ultimately  fixed  and  determined. 

The  commission  authorized  under  the  act  of  March  19,  1872,  was 
organized  soon  after  the  passage  of  the  act;  Archibald  Campbell  being 
appointed  commissioner  on  the  part  of  the  United  States,  and  the  required 
engineer  officers  being  detailed  for  the  performance  of  the  work. 

From  the  reports  herewith  transmitted,  it  will  be  seen  that  this  work 
has  been  entirely  concluded;  the  final  records  and  maps  having  been  signed 
in  London  upon  the  29tli  of  May  last,  and  a  protocol  having  been  drawn 
and  signed  setting  forth  the  final  proceedings  of  the  commission. 

The  report  of  the  commissioner  has  since  been  prepared  and  submitted 
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to  me,  with  the  report  of  Major  Twining,  the  chief  astronomer,  and  of  his 
assistants,  copies  of  which  reports  are  attached  hereto. 

In  informing  you  of  the  completion  of  this  work  and  the  final  fixing 
of  the  entire  houndary-line  between  the  United  States  and  Great  Britain, 
except  as  to  the  territory  ceded  by  Russia  under  the  treaty  of  1867,  I  must 
bear  witness  to  the  faithful  and  intelligent  performance  of  his  duties  by  the 
commissioner,  who  has  already  taken  part  in  fixing  the  boundary  at  other 
points  of  the  line,  and  by  his  subordinates,  and  by  the  officers  of  engineers 
from  time  to  time  detailed  in  the  performance  of  the  work. 

Respectfully  submitted. 

HAMILTON  FISH. 

The  President. 


COMMISSIONER  AND  OF  THE  CHIEF  ASTRONOMER 


OF  THE 


NORTHERN  BOUNDARY. 


United  States  Northern  Boundary  Commission, 

Washington ,  July  3,  1876. 

Sir:  I  have  the  honor  to  transmit  herewith  the  original  of  the  final 
agreement  of  the  commissioners,  the  original  “List  of  astronomical  stations 
observed,”  the  original  official  “List  of  monuments  marking  the  interna¬ 
tional  boundary-line,”  and  the  maps,  records,  and  reports  relating  to  the 
northern  boundary  commission,  as  enumerated  in  the  accompanying  letter 
of  the  chief  astronomer. 

I  would  also  respectfully  report  that  with  the  exception  of  a  few 
expenditures  necessary  in  closing  the  office,  not  included  in  my  accounts 
for  the  quarter  ended  June  30,  1 876,  but  for  which  vouchers  will  be  rendered 
in  a  few  days,  all  office-expenses  have  ceased. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

ARCHIBALD  CAMPBELL, 
Commissioner  Northern  Boundary  Survey. 

Hon.  Hamilton  Fish, 

Secretary  of  State. 


United  States  Northern  Boundary  Commission, 

Washington,  B.  C.,  June  30,  1876. 

Sir:  I  respectfully  transmit  the  following  official  records  and  docu¬ 
ments  relating  to  this  survey: 

First.  Portfolio  containing  originals  of  preliminary  maps  of  the  survey. 
Second.  Portfolio  containing  the  joint  maps  signed  by  the  commis¬ 
sioners  and  chief  astronomers. 
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Third.  Two  boxes  marked  “U.  S.  Northern  Boundary  Commission, 
1872-187G.  Under  convention  of  London,  Oct.  20,  1818.” 

(First.)  “Book  records.” 

(Second.)  “Map  records.” 

The  contents  are  marked  on  the  cover  of  each  box,  and  all  indexed 
and  referred  to  in  detail  in  the  accompanying  paper,  marked  “Appendix  F 
to  the  report  of  Capt.  W.  J.  Twining,  Corps  of  Engineers,  chief  astronomer.” 

Fourth.  Appendix  A  to  report  of  chief  astronomer,  being  the  report  of 
Capt.  J.  F.  Gregory,  assistant  astronomer. 

Fifth.  Appendix  B,  being  the  report  of  Lieut.  F.  V.  Greene,  assistant. 

Sixth.  Appendix  C,  liypsometry. 

Seventh.  Appendix  D,  being  a  bound  copy  of  the  astronomical  and 
geodetic  results  of  the  survey,  accompanied  by  a  descriptive  memoir  by 
Capt.  W.  J.  Twining,  chief  astronomer. 

Eighth.  Appendix  E,  giving  the  complete  details  of  the  monuments 
marking  the  boundary,  including  the  calculated  azimuths  from  each. 

Ninth.  Appendix  F,  index  to  maps,  showing  the  record  by  pages  on 
which  each  map  is  based. 

Tenth.  Appendix  G,  giving  the  latitude-observations  on  which  the 
reconnaissance-maps  are  based,  parts  1  and  2. 

I  also  transmit  the  following  maps  and  diagrams : 

1.  Beconnaissance-maps,  6  sheets. 

2.  Profile,  1  sheet. 

3.  Diagram  to  illustrate  the  relative  errors  of  astronomical  stations  in 
latitude,  resulting  from  local  deflections  of  the  plumb-line. 

4.  Diagram  showing  method  of  tracing  parallel. 

5.  Sketch  showing  triangulation  of  Chief  Mountain  Lake. 

6.  Map  of  the  vicinity  of  the  northwest  point  of  the  Lake  of  the  Woods; 
scale,  6  inches =1  mile. 

7.  Magnetic  chart. 

8.  Drawings  of  instrument-stands. 

9.  Drawings  of  targets. 

10.  Fifty  sets  photolithographs  of  preliminary  maps. 
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The  portions  of  my  report  not  yet  complete  are  as  follows: 

1.  Appendix  H,  by  Mr.  Lewis  Boss,  on  the  standard  declinations  of 
the  stars  used  in  the  latitude  work. 

This  important  appendix  is  to  be  completed,  without  further  expense 
to  the  commission,  by  Mr.  Boss,  with  the  assistance  of  Professor  Newcomb, 
of  the  Naval  Observatory,  and  the  Nautical  Almanac  Office. 

2.  Text  of  report  of  chief  astronomer,  in  hands  of  copying-clerk,  and 
waiting  completion  of  Appendix  H. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  J.  TWINING, 

Captain  Engineers,  Chief  Astronomer. 

Archibald  Campbell,  Esq., 

Commissioner  Northern  Boundary. 
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REPORT. 


United  States  Northern  Boundary  Commission, 

Washington. 

Sir:  In  compliance  with  instructions  received  from  the  Department 
upon  my  appointment  as  “commissioner  on  the  part  of  the  United  States 
to  determine  and  mark  the  boundary-line  between  the  United  States  and 
British  possessions,  as  defined  in  the  second  article  of  the  convention  be¬ 
tween  the  United  States  and  Great  Britain  of  October  20,  1818,”  I  have 
the  honor  herewith  to  report  generally  the  results  of  the  labors  of  the  com¬ 
mission,  and  to  transmit  the  detailed  report  of  the  same  by  Maj.  W.  J. 
Twining,  United  States  Engineers,  chief  astronomer,  as  far  as  completed. 

The  second  article  of  the  convention  of  1818,  above  referred  to,  is  as 
follows : 

Article  2.  It  is  agreed  that  a  line  drawn  from  the  most  northwestern  point  of  the 
Lake  of  the  Woods,  along  the  forty-ninth  parallel  of  north  latitude,  or,  if  the  said  point 
shall  not  be  in  the  forty-ninth  parallel  of  north  latitude,  then  that  a  line  drawn  from 
the  said  point  due  north  or  south  as  the  case  may  be,  until  the  said  line  shall  inter¬ 
sect  the  said  parallel  of  north  latitude,  and  from  the  point  of  such  intersection  due 
west  along  and  with  the  said  parallel,  shall  be  the  line  of  demarkation  between  the 
territories  of  the  United  States,  and  those  of  His  Britannic  Majesty,  and  that  the  said 
line  shall  form  the  northern  boundary  of  the  said  territories  of  the  United  States,  and 
the  southern  boundary  of  the  territories  of  His  Britannic  Majesty,  from  the  Lake  of  the 
Woods  to  the  Stony  Mountains. 

The  immediate  cause  of  the  authorization  by  Congress  of  the  deter¬ 
mination  and  demarkation  of  this  portion  of  the  boundary-line  between 
the  United  States  and  British  possessions  is  stated  by  the  President  in  his 
annual  message  to  Congress,  dated  December  5,  1870,  third  session  of 
Forty-first  Congress,  as  follows: 

n  b - 2 


17 


18 


UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


In  April  last,  while  engaged  in  locating  a  military  reservation  near  Pembina,  a 
corps  of  United  States  engineers  discovered  that  the  commonly-received  boundary-line 
between  the  United  States  and  the  British  possessions  at  that  place  is  about  forty- 
seven  hundred  feet  south  of  the  true  position  of  the  forty-ninth  parallel,  and  that  the 
line,  when  run  on  what  is  now  supposed  to  be  the  true  position  of  the  forty-ninth 
parallel,  would  leave  the  fort  of  the  Hudson  Bay  Company,  at  Pembina,  within  the 
territory  of  the  United  States.  This  information  being  communicated  to  the  British 
Government,  I  was  requested  to  consent,  and  did  consent,  that  the  British  occupation 
of  the  fort  of  the  Hudson  Bay  Company  should  continue  for  the  present.  I  deem  it 
important,  however,  that  this  part  of  the  boundary-line  should  be  definitely  fixed  by  a 
joint  commission  of  the  two  governments,  and  I  submit  herewith  estimates  of  the 
expense  of  such  a  commission  on  the  part  of  the  United  States,  and  recommend  that 
an  appropriation  be  made  for  that  purpose.  The  land-boundary  has  already  been 
fixed  and  marked  from  the  summit  of  the  Rocky  Mountains  to  the  Georgian  Bay.  It 
should  now  be  in  like  manner  marked  from  the  Lake  of  the  Woods  to  the  summit  of 
the  Rocky  Mountains. 

The  President’s  message  is  accompanied  by  a  correspondence  between 
the  State,  Treasury,  and  War  Departments,  and  between  the  State  Depart¬ 
ment  and  British  minister,  in  relation  to  the  difficulties  on  the  frontier 
arising  from  the  uncertainty  as  to  the  true  position  of  the  boundary ;  and 
also  by  an  estimate  of  the  probable  cost  of  a  commission  for  surveying  and 
marking  the  boundary  between  the  United  States  and  British  possessions, 
made  by  General  Humphreys,  Chief  of  Engineers,  in  compliance  with  the 
request  of  the  State  Department.  The  following  is  a  copy  of  the  letter 
transmitting  the  estimate : 

Office  of  the  Chief  of  Engineers, 

Washington ,  D.  U.,  November  23,  1870. 

Sir:  In  reply  to  the  communication  of  the  7th  instant  from  the  Department  of 
State  asking  for  an  estimate  of  the  probable  cost  of  surveying  and  marking  the  bound¬ 
ary  between  the  United  States  and  the  British  possessions,  f  rom  the  Lake  of  the  Woods 
to  the  Rocky  Mountains,  I  beg  to  reply  that  a  properly-organized  commission,  with  two 
sets  of  astronomical  and  surveying  parties  to  expedite  the  work,  would  require,  from 
the  estimate  hereunto  annexed,  an  expenditure  of  about  8100,000  yearly  while  actually 
engaged  upon  field-duties. 

But  it  is  not  possible  to  state  with  certainty  the  length  of  time  required  to  trace 
and  mark  the  whole  line,  as  the  progress  that  would  be  made  depends  upon  the  nature 
of  the  country  to  be  passed  over. 

The  line  is  about  eight  hundred  and  sixty  miles  long.  The  season  for  working  to 
advantage  is  short,  and  although  the  country  is  generally  an  open  one,  the  number  of 
astronomical  stations  to  be  occupied,  upon  which  the  rate  of  progress  mainly  rests, 
depends  so  much  upon  the  distance  of  prominent  points  of  elevation  from  each  other, 
that  they  cannot  be  estimated. 

From  one  month  to  six  weeks  would,  no  doubt,  making  due  allowance  for  bad 
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weather,  be  required  to  establish  astronomically  a  point  on  the  parallel,  to  trace  its 
connection  with  a  preceding  one,  and  to  move  the  party  to  the  next.  Should  these 
jjoints  average  fifty  miles  apart,  there  would  be  some  seventeen  stations,  or,  say,  eight 
stations  for  each  astronomical  party  to  occupy,  which  would  consume  from  eight  to 
twelve  months’  actual  field-duty  for  the  completion  of  the  line. 

It  is  not  probable  that  the  parties  can  bo  kept  in  the  field  continuously  for  this 
length  of  time,  but  that  the  work  would  have  to  run  through  two  seasons  at  least,  if 
not  longer. 

The  services  of  the  officers  and  the  greater  part  of  the  assistants  would  be  required 
for  another  year  on  office-work  to  complete  the  records  of  the  survey,  so  that  the  prob¬ 
able  expense  which  would  be  incurred  for  completing  the  work  might  be  set  down  at 
$325,000. 

Officers  of  engineers  have  been  frequently  assigned  to  perform  such  duties  as 
these,  and  if  the  demarkation  of  this  boundary  should  be  confided  to  them,  the  esti¬ 
mate  should  be  modified. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier- General  and  Chief  of  Engineers. 

Hon.  W.  W.  Belknap, 

Secretary  of  War. 

In  compliance  with  the  recommendation  of  the  President,  a  joint  reso¬ 
lution  appropriating  $100,000  for  the  survey  of  the  boundary-line  between 
the  United  States  and  the  British  possessions,  from  the  Lake  of  the  Woods 
to  the  Rocky  Mountains,  was  introduced  into  and  passed  the  House  of  Rep¬ 
resentatives,  but,  from  want  of  time  or  other  cause,  it  failed  to  pass  the 
Senate.  At  the  succeeding  session  of  Congress,  187 1-72,  the  following  act 
passed  both  houses  and  became  a  law,  viz : 

AN  ACT  authorizing  the  survey  and  marking  the  boundary  between  the  territory  of  the  United  States  and 
the  possessions  of  Great  Britain,  from  tho  Lake  of  the  Woods  to  the  summit  of  the  Rocky  Mountains. 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled.  That  the  President  of  the  Uuited  States,  by  and  with  the  advice 
and  consent  of  the  Senate,  be,  and  he  is  hereby,  authorized  to  co-operate  with  the  Gov¬ 
ernment  of  Great  Britain  in  the  appointment  of  a  joint  commission,  in  accordance  with 
the  plan  and  estimates  of  Brig.  Gen.  A.  A.  Humphreys,  Chief  of  Engineers,  submitted 
November  twenty-third,  eighteen  hundred  and  seventy,  for  determining  the  boundary¬ 
line  between  the  United  States  and  the  British  possessions,  between  the  Lake  of  the 
Woods  and  the  Rocky  Mountains :  Provided ,  lioicever ,  That  engineers  in  the  regular 
service  of  the  United  States  shall  be  employed  exclusively  as  engineers  in  the  perform¬ 
ance  of  the  duties  contemplated  by  this  act,  without  any  additional  salary,  and  the 
Secretary  of  War  is  hereby  directed  to  make  the  necessary  detail  of  engineers  for  that 
purpose. 

Sec.  2.  That  fifty  thousand  dollars,  or  so  much  thereof  as  may  be  required,  be, 
and  the  same  is  hereby,  appropriated,  out  of  any  money  in  the  Treasury  not  otherwise 
appropriated,  to  carry  into  effect  the  object  of  said  joint  commission. 

Approved  March  19,  1872. 
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The  amount  of  the  appropriation  for  one  year,  according  to  the  esti¬ 
mate  of  General  Humphreys,  should  have  been  $100,000,  but  it  was  re¬ 
duced  by  Congress  to  $50,000,  a  sum  insufficient  for  a  vigorous  and  eco¬ 
nomical  prosecution  of  the  work,  particularly  during  the  first  year,  as  many 
purchases  had  to  be  made  for  an  outfit.  In  consequence  of  this  reduction, 
the  organization  of  the  commission  was  deferred  by  the  Department  until 
the  month  of  June,  when  I  received  the  appointment  of  commissioner,  with 
instructions  to  organize  a  party  for  the  survey  of  the  boundary,  in  accord¬ 
ance  with  the  means  provided  by  Congress. 

In  compliance  with  the  terms  of  the  act  creating  the  commission,  the 
Chief  of  Engineers,  by  direction  of  the  Secretary  of  War,  detailed  the 
following  engineer  officers  for  duty  with  the  commission,  viz :  Capt.  and 
Bvt.  Lieut.  Col.  F.  U.  Farquhar,  Capt.  and  Bvt.  Maj.  W.  J.  Twining,  Capt. 
(then  Lieut.)  James  F.  Gregory,  and  Lieut.  F.  V.  Greene. 

An  office  was  temporarily  rented  in  Washington  for  the  necessary 
preparations  for  the  survey.  Early  in  July,  Colonel  Farquhar,  with  the 
engineer  officers  and  civil  assistants  attached  to  the  commission,  left  Wash¬ 
ington  for  Saint  Paul,  Minn.,  and  there  organized  a  party  for  field  operations. 

Previously  to  leaving  Washington,  upon  a  request  made  to  the  Sec¬ 
retary  of  War,  the  Quartermaster-General  was  directed  to  furnish  the  com¬ 
mission  with  the  necessary  means  of  transportation  for  the  field-work  of 
the  survey,  with  the  understanding  that  the  mules,  wagons,  &c.,  furnished 
were  to  be  returned  in  good  condition  at  the  close  of  the  work  in  the  field. 
The  train  was  directed  to  assemble  at  Fort  Abercrombie,  on  Red  River, 
there  to  await  the  arrival  of  the  commission. 

On  my  arrival  in  Saint  Paul,  Second  Lieut.  O.  D.  Ladley,  Twenty- 
second  Infantry,  who  had  been  detailed  by  Maj.  Gen.  W.  S.  Hancock,  then 
in  command  of  the  Department  of  Dakota,  to  act  as  quartermaster  and 
commissary  to  the  commission,  reported  to  me  in  person  and  was  directed 
to  proceed  to  Fort  Abercrombie  in  advance  of  the  commission,  to  put  the 
train  in  readiness  for  the  march  to  Fort  Pembina,  near  the  forty-ninth 
parallel. 

The  purchase  of  supplies  for  the  season’s  work  being  made,  and  the 
employes  required  being  secured,  the  commission  left  Saint  Paul  for  Fort 
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Abercrombie,  and  on  the  29th  of  August,  with  the  train,  started  thence 
northward  for  Fort  Pembina,  and  readied  that  post  on  the  5th  of  Sep¬ 
tember.  Capt.  Loyd  Wheaton,  of  the  Twentieth  Infantry,  the  officer  in 
command  of  that  post,  rendered  the  commission  efficient  assistance  and 
facilitated  its  operations.  General  Hancock,  having  detailed  Capt.  A.  A. 
Ilarbach’s  company,  K,  Twentieth  Infantry,  as  escort  to  the  commission, 
I  found  them  there  in  readiness  to  enter  upon  the  duties  assigned  them. 

The  encampment  of  the  commission  was  at  once  established  in  the 
vicinity  of  the  forty-ninth  parallel,  near  the  post  erected  by  Colonel  Long 
in  the  year  1823,  by  direction  of  the  government,  to  mark  a  point  on  the 
boundary-line  between  the  United  States  and  British  possessions.  Colonel 
Long  at  that  time  was  engaged  in  an  expedition  to  the  source  of  Saint 
Peter’s  River,  Lake  of  the  Woods,  &c.  In  the  narrative  published  in  1824, 
compiled  from  his  notes,  he  makes  the  following  statement : 

The  main  object  of  the  party  in  visiting  this  place  (Pembina)  being  the  determina¬ 
tion  of  the  forty-ninth  degree  of  latitude,  Mr.  Calhoun  lost  no  time  in  takiug  observa¬ 
tions.  The  first  one  which  he  made  was  near  Mr.  Nolen’s  house,  and,  although  not 
very  satisfactory,  yet  it  showed  that  we  were  near  to  the  boundary-liue,  as  it  indicated 
48°  59'  27".  We  then  pitched  our  camp  a  little  farther  down  on  the  bank  of  the  river, 
and,  as  near  as  we  could  judge,  to  the  boundary-line.  A  large  skin-lodge,  which  was 
lent  to  us,  sheltered  the  gentlemen  of  the  party  during  our  stay  there.  Our  tent-flies 
were  pitched  around  it  for  the  use  of  the  soldiers.  In  honor  of  the  President  of  the 
United  States,  this  place  received  the  name  of  Camp  Monroe.  A  flag  staff' was  planted, 
which,  after  a.  series  of  observations  made  during  four  days,  was  determined  to  be  iu 
latitude  48°  59'  27"  north.  The  magnetic  meridian  having  been  ascertained  to  be  13° 
17'  25"  east,  the  distance  to  the  boundary-line  was  measured  off,  and  an  oak  post  fixed 
on  it,  bearing  on  the  north  side  the  letters  G.  B.,  and  on  the  south  side,  U.  S.  On  the 
8th  of  August  at  noon  the  flag  was  hoisted  on  the  staff,  which  bore  south  44°  25'  west  of 
the  post  at  a  distance  of  207£  feet.  A  national  salute  was  fired  at  the  time,  and  a  procla¬ 
mation  made  by  Colonel  Long  that,  by  virtue  of  the  authority  vested  in  him  by  the 
President  of  the  United  States,  the  country  situated  upou  Red  River  above  that  point 
was  declared  to  be  comprehended  within  the  territory  of  the  United  States,  (pp.  46 
and  47,  Long’s  Narrative  of  an  Expedition  to  the  Source  of  Saint  Peter’s  River,  Lake 
Winnepeg,  Lake  of  the  Woods,  &c.,  performed  in  the  year  1823,  by  order  of  the  Hon. 
John  C.  Calhcun,  Secretary  of  War.) 

When  astronomical  observations  and  surveys  to  determine  the  boundary¬ 
line  were  commenced  by  the  commission,  the  season  had  reached  the  middle 
of  September,  leaving  a  comparatively  short  period  of  time  for  field-work 
in  this  high  latitude.  The  British  commissioner,  Capt.  D.  R.  Cameron,  R.  A., 
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and  the  British  chief  astronomer,  Capt.  S.  Anderson,  R.  E.,  reached  Pem¬ 
bina  on  the  16th  and  18th  of  September.  On  the  latter  day  the  first  meet¬ 
ing  of  the  joint  commission  took  place,  and  a  general  plan  of  operations 
was  agreed  upon  for  the  remainder  of  the  season. 

The  mode  of  surveying  and  marking  the  boundary  was  discussed,  and 
it  was  agreed  that  a  point  on  the  forty-ninth  parallel  of  north  latitude, 
close  to  the  western  bank  of  Red  River,  should  be  the  point  of  the  boundary 
first  to  be  ascertained. 

It  was  also  agreed  that  when  the  last-named  point  had  been  ascertained, 
the  part  of  the  boundary-line  to  the  east  of  Red  River  should  be  determined, 
and,  if  practicable,  the  survey  of  it  completed  during  the  first  working  sea¬ 
son,  so  as  to  enable  the  joint  commission  to  commence  the  survey  of  the 
line  westward  of  the  point  ascertained  near  Red  River,  at  the  opening  of 
the  next  year’s  operations  in  the  field. 

It  was  also  agreed  that  such  portions  of  the  boundary-line  eastward 
of  Red  River  as  may  be  through  wooded  country,  should  be  cleared  for  a 
breadth  of  thirty  feet,  under  the  direction  of  the  British  commissioner, 
during  the  winter  season,  at  the  joint  expense  of  the  two  commissions. 

The  manner  of  permanently  marking  the  line  was  left  for  future  con¬ 
sideration,  in  order  that  it  might  be  ascertained  by  inspection  of  the  country 
what  would  be  the  most  desirable  and  economical  material  for  its  demar- 
kation. 

On  the  1st  of  October  Colonel  Farquhar,  United  States  chief  astron¬ 
omer,  left  the  camp  for  the  Lake  of  the  Woods,  to  meet  the  chief  astron¬ 
omer  of  the  British  commission,  for  the  purpose  of  jointly  ascertaining  the 
position  of  the  “  nortliwesternmost  point  of  the  Lake  of  the  Woods,”  the 
initial  point  of  the  boundary -line ;  and  from  that  point  to  determine  the 
boundary-line  due  south,  according  to  the  terms  of  the  treaty,  until  it  reaches 
the  forty-ninth  parallel. 

On  the  11th  of  October,  accompanied  by  Captain  Cameron,  I  took  the 
steamer  from  Pembina  down  Red  River  to  Fort  Garry,  on  the  way  to  the 
nortliwesternmost  point  of  the  Lake  of  the  Woods.  On  the  14th  we  started 
from  Fort  Garry  for  the  Lake  of  the  Woods,  and  on  the  19th  reached  the 
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vicinity  of  the  north  westernmost  point,  where  we  found  Colonel  Farquhar 
and  Captain  Anderson,  with  their  respective  parties.  After  their  arrival  at 
the  lake  they  had,  with  the  assistance  of  native  Indians  of  that  region, 
discovered  the  remains  of  the  reference  monument  erected  by  the  United 
States  and  British  commissioners  (Messrs.  Porter  and  Barclay),  appointed 
under  the  sixth  and  seventh  articles  of  the  treaty  of  Ghent;  from  which 
monument,  by  a  series  of  courses  and  distances  laid  down  in  their  joint 
report  to  their  governments,  the  position  of  the  northwesternmost  point  of 
the  lake  was  to  be  ascertained.  The  northwesternmost  point  not  being  on 
firm  ground,  could  not  be-  marked  by  a  monument. 

From  this  report  of  the  chief  astronomers  I  was  satisfied  Avitli  the  nortli- 
Avesternmost  point  of  the  lake,  as  ascertained  by  them  and  recommended 
for  our  acceptance,  but  Captain  Cameron  was  not  disposed  to  accept  the 
result  of  their  examinations  and  search  for  the  reference  monument,  it  being 
his  policy  in  the  interest  of  the  Canadian  Government,  if  not  the  result  of 
instructions,  to  leave  the  question  of  the  northwesternmost  point  of  the  lake 
unsettled,  because  the  meridian  boundary-line  from  that  point  southerly  to 
its  intersection  with  the  forty-ninth  parallel  would  cut  off  from  the  main¬ 
land  and  leave  to  the  United  States  a  portion  of  territory,  projecting  into 
the  lake,  of  great  importance,  and  almost  indispensable  to  the  province  of 
Manitoba  as  a  means  of  communication  Avith  Canada.  Upon  this  territory 
a  depot  and  steamboat-landing  at  the  terminus  of  the  Fort  Garry  road  had 
been  established  for  some  time  previously  to  the  authorization  of  the  joint 
commission  to  determine  the  boundary. 

The  British  commissioner,  while  declining  to  agree  officially  to  the 
nortliAvesternmost  point  of  the  lake  as  determined  by  the  chief  astronomers, 
expressed  his  willingness  to  cut  a  sight-line  from  that  point  southerly  through 
the  timber  along  the  meridian  boundary  until  it  strikes  the  shore  of  the 
lake,  Avithout,  however,  at  that  time  agreeing  to  it  as  a  part  of  the  boundary¬ 
line.  His  object  doubtless  Avas  to  leave  the  question  in  abeyance,  in  the 
hope  that  before  the  boundary  was  completed  to  the  summit  of  the  Rocky 
Mountains,  or  subsequently,  some  arrangement  might  be  made  betAveen  the 
two  governments  whereby  this  small  but  much-coveted  and  important  piece 
of  territory  would  become  a  part  of  the  North  West  Territory. 
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Having  completed  the  object  of  our  visit  to  the  Lake  of  the  Woods,  we 
started  to  Fort  Garry  on  the  25th  of  October,  and  reached  it  on  the  29tli. 
In  consequence  of  rainy  weather  we  remained  there  several  days.  On  the 
6th  of  November  we  returned  to  Pembina,  By  that  time  the  parties  generally 
had  closed  field  operations,  and  those  of  the  United  States  commission  were 
on  their  way  to  Fort  Abercrombie,  where  the  wagon-train  was  to  be  left 
during  the  winter  season.  From  there  the  employes  were  taken  to  Saint  Paul 
and  discharged  for  the  winter.  The  last  party  in  the  field,  under  Major 
Twining,  did  not  reach  Saint  Paul  until  the  23d  of  November,  by  which 
time  it  had  become  quite  cold. 

The  Department  having  designated  Detroit  as  the  place  for  establishing 
the  office  of  the  commission  during  the  winter,  the  employes  who  were  no 
longer  required  were  discharged  at  Saint  Paul.  The  chief  astronomer,  with 
his  assistants,  repaired  to  Detroit,  where  they  remained  until  the  opening  of 
the  season  for  field-work  in  the  ensuing  spring. 

Congress,  during  the  session  of  1872-73,  appropriated  $125,000  for 
the  operations  of  the  ensuing  fiscal  year,  making  it  available  upon  the 
passage  of  the  act,  as  the  amount  of  the  previous  appropriation  was  nearly 
exhausted. 

Before  the  resumption  of  field-work  for  the  year  1873,  Colonel  Far- 
quhar,  United  States  chief  astronomer,  applied  to  the  Engineer  Department 
to  be  relieved  from  duty  with  the  boundary  commission,  preferring  his 
legitimate  duties  in  the  Engineer  Corps.  Ilis  request  was  granted,  and 
Maj.  W.  J.  Twining,  the  engineer  officer  next  in  rank  on  duty  with  the 
commission,  became  chief  astronomer. 

At  the  earliest  moment  practicable,  in  the  year  1873,  Major  Twining 
was  in  the  field  with  his  parties.  The  survey  was  commenced  at  the  astro¬ 
nomical  station  which  had,  during  the  previous  year,  been  determined  and 
marked  on  the  western  bank  of  Red  River.  Major  Twining  commenced 
operations  with  the  intention  of  completing  four  hundred  miles  of  the  survey 
during  the  season,  and  he  accomplished  his  object.  The  boundary  was 
marked  at  intervals  of  one  mile  between  the  United  States  and  the  province 
of  Manitoba,  and  farther  west  at  average  intervals  of  three  miles.  These 
monuments  were  built  of  earth,  or  stone  where  it  could  be  found.  Those 
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separating  Manitoba  from  the  United  States  have  been  replaced  by  monu¬ 
ments  of  iron. 

The  climate  of  the  country  in  the  vicinity  of  the  boundary  cannot  be 
surpassed.  The  days,  though  sometimes  warm,  are  always  more  or  less 
tempered  by  a  pleasant  breeze,  and  the  nights  in  midsummer  are  cool  and 
refreshing,  and  sometimes  exceedingly  cool,  even  to  the  freezing-point. 
The  surface  of  the  earth  in  this  region  is  generally  a  rolling  prairie,  gradu¬ 
ally  but  almost  imperceptibly  rising  from  Red  River  to  the  base  of  the 
Rocky  Mountains. 

After  crossing  Pembina  River,  thirty-five  miles  west  of  Red  River,  there 
is  a  considerable  rise  in  the  land.  This  elevation  is  called  Pembina  Mount¬ 
ain,  though  in  reality  it  is  only  an  elevated  plateau.  The  boundary  farther 
to  the  west  crosses  Turtle  Mountain,  a  rough  and  rugged  elevation  covered 
with  timber,  through  the  whole  extent  of  which  along  the  boundary  a  vista 
of  fifteen  feet  in  width  was  cut.  The  distance  from  the  east  to  the  west 
base  of  the  mountain  is  about  thirty-four  and  one-half  miles.  By  far  the 
larger  part  of  Turtle  Mountain  falls  upon  the  southern  side  of  the  line,  and, 
in  consequence  of  the  great  scarcity  of  timber  in  that  latitude,  it  is  a  fortu¬ 
nate  acquisition. 

At  the  close  of  the  season’s  work  in  October  Major  Twining  withdrew 
all  his  parties  from  the  field,  with  the  exception  of  Lieutenant  Greene’s, 
and  moved  southwardly  to  Jamestown,  Dak.,  in  order  to  strike  the  Northern 
Pacific  Railroad  at  that  point,  and  from  there  continued  his  journey  to 
Saint  Paul,  where  the  employes  for  the  season’s  work  were  discharged,  and 
the  officers  and  assistants  repaired  to  Detroit  to  bring  up  the  office- work 
during  the  winter.  Lieutenant  Greene  with  his  party  remained  in  the  field 
during  the  winter,  in  order  to  complete  the  survey  of  the  line  between  the 
Lake  of  the  Woods  and  Red  River,  it  being  impracticable  to  perform  that 
work  during  the  summer  season  on  account  of  the  swampy  character  of  the 
country. 

In  consequence  of  delay  in  the  passage  of  the  appropriation  for  the 
boundary  commission  for  the  year  1874,  it  was  late  before  I  was  able  to 
join  the  parties  in  the  field.  On  my  arrival  at  Fort  Buford,  on  the  Missouri, 
the  military  post  at  which  Major  Twining  laid  in  his  supplies  for  the  season, 


26 


UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


I  found  lie  bad  a  short  time  previously  started  northwardly,  to  strike  the 
forty-ninth  parallel  at  the  point  where  the  survey  terminated  at  the  close 
of  the  previous  season.  As  soon  as  my  small  train  was  in  readiness,  I 
moved  toward  the  boundary-line,  accompanied  by  a  small  escort  of  infantry, 
five  companies  of  which  had  been  detailed  by  General  Terry  as  escort  to 
the  commission,  together  with  two  companies  of  cavalry.  As  the  commis¬ 
sion  were  moving  through  a  country  far  from  civilization,  occupied  by 
Blackfeet  and  other  warlike  Indians,  this  large  escort  was  considered  neces¬ 
sary  to  its  safety  and  exemption  from  molestation. 

After  steadily  traveling  for  seventeen  days,  on  the  2d  of  August  we 
reached  the  camp  of  the  cavalry  escort.  The  country  over  which  we 
passed,  following  the  Missouri  and  its  tributaries,  is  monotonous  and  unin¬ 
teresting. 

The  cavalry  camp  was  near  the  Three  Buttes  or  Sweet  Grass  Hills, 
three  prominent  peaks  which  rise  to  a  great  height  over  the  surrounding 
country,  and  present  a  most  agreeable  relief  to  the  eye  in  contrast  with  the 
tameness  of  the  country  over  which  we  had  recently  passed.  We  here 
found  delicious,  cold,  spring  water,  a  great  luxury  after  the  unpalatable  and 
unwholesome  water  we  had  been  obliged  to  drink  on  the  route  when  not 
near  the  Missouri  River. 

From  the  summit  of  these  peaks  on  a  clear  day  a  fine  view  of  the 
crest  of  the  Rocky  Mountains  is  obtained.  After  remaining  a  day  at  the 
cavalry  camp,  we  left  for  Major  T wining’ s  camp,  which  we  reached  after  a 
journey  of  thirty  miles.  Captain  Gregory  and  Lieutenant  Greene,  engineer 
officers  attached  to  the  commission,  were  encamped  in  its  vicinity.  It  cre¬ 
ated  quite  a  variety  in  our  wilderness  life  to  find  such  an  assemblage  of 
parties  in  this  attractive  neighborhood. 

From  Major  Twining  I  learned  that  two  hundred  and  forty  miles  of 
the  remainder  of  the  boundary  left  unfinished  last  year  had  already  been 
completed  since  he  reached  the  boundary,  and  in  a  little  less  time  than  six 
weeks. 

On  the  8th  of  August,  a  clear,  cool,  and  bright  day,  accompanied  by 
Lieutenant  Greene,  I  rode  to  the  summit  of  the  westernmost  of  the  Three 
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Buttes,  a  distance  of  about  six  miles  from  the  camp.  The  ascent  was  steep 
toward  the  summit,  but  practicable.  From  that  elevated  point  the  Rocky 
Mountains  in  all  their  grandeur  were  in  full  view,  while  beneath  us  it 
required  but  little  imagination  to  convert  the  rolling  prairie  into  an  ocean. 
The  summit  of  the  butte  is  about  1,700  feet  above  the  level  of  the  prairie. 

On  the  12th  of  August,  accompanied  by  Major  Twining,  I  left  the 
Three  Buttes  for  the  Rocky  Mountains,  the  distance  being  about  one 
hundred  and  ten  miles.  We  encamped  for  the  night  in  a  very  fine  position, 
giving  a  full  view  of  the  group  of  buttes  composing  the  Sweet-Grass  Hills ; 
for  each  of  the  three  principal  buttes  is  composed  of  one  chief  butte,  sur¬ 
rounded  by  others  of  inferior  size,  the  whole  of  them  covering  a  consider¬ 
able  extent  of  territory. 

The  next  morning  we  moved  westward,  traveled  about  twenty-eight 
miles,  and  encamped  on  Milk  River.  From  our  camp  we  had  fine  views 
of  the  Rocky  Mountains,  the  summit  being  still  partially  covered  with 
snow.  On  our  journe}^  this  day  we  passed  through  the  country  of  the 
Blackfeet  Indians,  during  which  time  it  was  deemed  prudent  to  keep  closer 
together  and  nearer  to  the  escort  than  usual,  but  we  were  not  molested. 
The  Indians,  knowing  that  we  were  well  protected  by  troops,  gave  us  no 
trouble  during  the  whole  survey. 

Toward  the  evening  of  this  day,  the  13th  of  August,  Captain  Cameron, 
the  British  commissioner,  unexpectedly  made  his  appearance  among  us, 
having  just  returned  from  the  summit  of  the  Rocky  Mountains,  where  the 
survey  was  rapidly  progressing  to  a  conclusion.  As  this  was  the  last  oppor¬ 
tunity  before  the  parties  would  be  withdrawn  from  the  field,  we  held  a 
meeting  of  the  joint  commission  at  our  camp.  Captain  Cameron  stated  that 
he  was  now  prepared  to  agree  to  the  northwesternmost  point  of  the  Lake  of 
the  Woods,  as  determined  by  the  chief  astronomers  of  the  United  States 
and  British  commissions,  his  government  having  directed  him  to  acknowl¬ 
edge  the  reference-monument  pointed  out  to  the  chief  astronomers  by 
Indians  residing  in  the  vicinity. 

He  also  agreed  to  adopt  the  astronomical  parallel  as  the  true  boundary 
instead  of  the  mean  parallel,  which  he  had  hitherto  strongly  urged,  and 
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which  would  have  been  a  great  additional  expense  without  any  correspond¬ 
ing  benefit. 

These  points  of  difference  being  settled,  the  joint  commission  adjourned 
to  meet  on  some  future  day,  after  the  completion  of  the  office- work,  for  the 
purpose  of  comparing  the  records  of  the  survey  and  the  final  maps  of  the 
boundary,  preparatory  to  their  signature  by  the  commissioners. 

The  day  after  the  meeting  of  the  joint  commission,  we  continued  our 
journey  toward  the  Rocky  Mountains  over  a  soft,  rolling,  grassy  prairie. 
During  the  journey  the  mountains  were  constantly  in  view.  No  description 
can  do  justice  to  the  magnificence  of  this  mountain  scenery.  As  we 
approached  it  day  by  day,  the  Chief  Monntain,  near  the  forty-ninth  parallel, 
stood  pre-eminent  in  distinctness  and  grandeur,  resembling  a  gigantic  obelisk 
broken  off  at  the  summit.  There  is  an  infinite  variety  in  the  mountain 
range  near  the  parallel.  It  requires  but  little  aid  of  the  imagination  to  see 
a  city  in  ruins,  in  which  fortifications,  pyramids,  and  other  familiar  objects 
present  themselves  to  the  eye. 

On  the  17th  of  August  we  reached  Chief  Mountain  Lake,  near  the 
base  of  Chief  Mountain,  and  encamped  in  its  vicinity.  On  the  20th,  with 
a  pack-train,  we  started  westward  over  the  Rocky  Mountains,  taking  two 
days  in  crossing  to  its  western  base,  and  two  days  in  returning.  We  found 
the  United  States  and  British  parties  approaching  the  termination  of  the 
line,  and  searching  for  the  monument  erected  on  the  summit  of  the  mount¬ 
ains  at  the  terminus  of  the  boundary  between  the  United  States  and  British 
possessions  authorized  by  the  treaty  of  1846.  The  monument  was  at  length 
discovered  in  a  spot  very  difficult  of  access,  and  therefore  the  better  adapted 
to  preserve  it  from  being  disturbed.  The  survey  was  carried  to  the  monu¬ 
ment,  and  the  line  was  thus  completed  from  the  nortliwesternmost  point  of 
the  Lake  of  the  Woods  to  the  summit  of  the  Rocky  Mountains. 

The  weather  had  been  so  fine  during  the  whole  season  that  there  was 
no  interruption  to  the  progress  of  the  survey.  The  nights  were  clear,  and 
the  astronomical  work  was  rapid  and  accurate.  Being  so  remote  from  set¬ 
tlements,  and  in  a  latitude  where  winter  commences  very  early,  it  was  most 
fortunate  that  the  parties  were  able  to  leave  the  field  while  it  was  still  com¬ 
paratively  mild. 
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Arrangements  liad  been  made  by  Major  Twining  early  in  the  season 
for  the  construction  of  Mackinac  boats  at  Fort  Benton,  on  the  Missouri,  for 
the  purpose  of  transporting  the  party  down  the  Missouri  River  to  Bismarck, 
the  western  terminus  of  the  Northern  Pacific  Railroad,  and  thence  to  Saint 
Paul  by  railroad,  to  be  discharged,  with  the  exception  of  the  assistants  who 
were  required  to  do  the  office-work  of  the  commission. 

By  the  12th  of  September,  the  various  parties  in  the  field  having  as¬ 
sembled  at  Fort  Benton,  the  fleet  of  six  Mackinac  boats  started  down  the 
river.  Major  Twining  and  his  assistants  accompanied  the  expedition.  At 
night  the  boats  were  fastened  to  the  shore,  and  the  whole  party,  including 
officers,  bivouacked.  They  reached  Bismarck  in  eighteen  days. 

On  the  13th  of  September  I  left  Fort  Benton  for  Fort  Shaw,  on  Sun 
River,  in  Montana,  accompanied  by  General  Gibbon,  United  States  Army, 
who  had  left  his  post  for  Fort  Benton,  to  visit  the  officers  of  the  commission 
before  their  departure  for  the  East.  He  had  been  directed  by  the  com¬ 
manding  general  of  the  Department  of  Dakota  (General  Terry)  to  furnish 
the  commission  any  additional  escort  that  might  be  required  when  it  reached 
the  neighborhood  of  the  Rocky  Mountains,  and  he  had  promptly  informed 
me  of  his  readiness  to  respond  to  my  requisition  for  troops,  if  they  should 
be  needed. 

We  reached  Fort  Shaw,  in  Montana,  a  distance  of  sixty-three  miles, 
in  about  eight  hours,  traveling  in  a  spring-wagon  over  the  natural  sur¬ 
face  of  the  ground,  which  was  of  a  similar  character  to  that  over  which  we 
had  passed  on  our  way  to  the  Rocky  Mountains. 

I  remained  two  days  at  Fort  Shaw.  The  post  was  garrisoned  by  four 
companies  of  infantry.  It  had  a  very  neat  and  highly  military  appearance, 
the  houses  being  mainly  of  adobe  and  very  warm  and  comfortable.  Gen¬ 
eral  Gibbon  took  much  pride  in  exhibiting  his  fine  gardens  filled  with 
vegetables  for  the  troops.  The  soil  is  very  fertile,  and,  although  the  warm 
season  is  brief,  vegetables  come  to  maturity  rapidly  and  are  of  a  very  fine 
quality. 

On  the  16th  of  September  I  left  Fort  Shaw  for  Helena,  a  distance  of 
eighty  miles,  and  with  a  relay  reached  it  in  twelve  hours.  On  the  succeed- 
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ing  day  I  attended  a  fair,  at  which  the  various  products  of  Montana,  min¬ 
eral,  animal,  and  vegetable,  were  exhibited.  Notwithstanding  the  high 
latitude  of  Montana,  the  winters  are  comparatively  mild.  The  cattle  are 
left  at  large  during  that  season,  and  keep  in  good  condition  by  picking  up 
nutritious  grass  of  that  region,  which  remains  on  the  ground  throughout 
the  winter  covered  by  snow  of  a  moderate  depth.  Montana  being  pro¬ 
tected  from  westerly  winds  by  the  Rocky  Mountains,  the  climate  is  much 
milder  in  winter  than  might  naturally  be  supposed. 

The  next  day  I  started  from  Helena  in  a  Concord  stage,  and  after 
traveling  steadily  four  days  and  three  nights  I  reached  Ogden,  on  Salt 
Lake,  and  there  took  the  Union  Pacific  Railroad  for  the  East. 

After  the  chief  astronomer  and  his  assistants  reached  Washington,  an 
office  was  rented  for  the  purpose  of  working  out  the  results  of  the  survey, 
and  constructing  the  maps  for  the  illustration  of  the  boundary -line  and  the 
country  adjacent  thereto. 

The  British  commission,  at  the  close  of  the  field-work  of  the  survey, 
returned  to  London  and  there  executed  their  office-work.  In  the  month  of 
March  last  Maj.  D.  R.  Cameron,  R.  A.,  Her  Britannic  Majesty’s  commis¬ 
sioner,  announced  to  me  by  letter  that  early  in  April  the  work  of  the  British 
commission  would  be  completed  and  ready  for  the  final  meeting  of  the 
joint  commission  preparatory  to  closing  its  proceedings,  and  requested,  if 
convenient,  that  I  would  meet  him  for  that  purpose  in  London.  Having 
submitted  the  proposition  to  the  Department,  I  received  authority  to  comply 
with  it.  Accordingly,  with  the  assent  of  the  Department,  I  left  the  United 
States  on  the  1  st  of  April,  in  advance  of  the  chief  astronomer,  who  followed 
on  the  19th.  On  his  arrival  at  London  the  United  States  and  British  chief 
astronomers  compared  the  records  and  maps  of  the  respective  commissions, 
and  having  reported  that  the  latter  were  ready  for  the  signature  of  the  com¬ 
missioners,  they  were  duly  signed  on  the  29th  of  May,  with  a  protocol  of 
the  final  proceedings  of  the  commission,  of  which  the  following  is  a  copy,  viz: 
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Record  of  proceedings  at  a  meeting  of  the  commissioners  appointed  respectively  by  the  Presi¬ 
dent  of  the  United  States  of  America ,  and  by  Her  Britannic  Majesty,  to  ascertain  and 
mark  the  boundary-line  between  the  respective  territories  of  the  United  States  and  of 
Her  Majesty ,  the  said  line  being  that  defined  by  the  second  article  of  the  convention  of 
London ,  signed  October  20,  ISIS. 


PRESENT. 

Donald  R.  Cameron,  major  Royal  Artillery,  commissioner  on  the  part  of  Her 
Britannic  Majesty. 

S.  Anderson,  captaiu  Royal  Engineers,  chief  astronomer  to  Her  Majesty’s  com¬ 
mission. 

A.  C.  Ward,  captain  Royal  Engineers,  secretary  to  Her  Majesty’s  commission. 

Archibald  Campbell,  commissioner  on  the  part  of  the  United  States  of  America. 

W.  J.  Twining,  captain  of  the  Corps  of  Engineers  of  the  United  States  Army, 
chief  astronomer  to  the  United  States  commission. 

1.  The  chief  astronomers  submit  the  following  documents  and  maps : 

a.  A  detailed  list  in  duplicate  of  forty  astronomical  stations,  in  addition  to  one  for 
the  location  of  the  most  northwestern  point  of  the  Lake  of  the  Woods,  at  which  observa¬ 
tions  were  taken  under  their  superintendence,  to  determine  the  line  described  in  the 
second  article  of  the  convention  of  London  (signed  October  20,  1818)  between  the 
terminal  points,  viz,  the  most  northwestern  point  of  the  Lake  of  the  Woods  and  the 
eastern  end  of  the  international  bouudary-line  previously  marked  between  Akamina, 
in  the  Rocky  Mountains,  and  the  western  coast  of  North  America. 

b.  A  descriptive  list  in  duplicate  of  three  hundred  and  eighty-eight  (388)  monu¬ 
ments  and  marks  placed  on  the  boundary -line,  as  derived  from  the  astronomical  sta¬ 
tions  enumerated  in  the  list  referred  to  in  section  a  of  this  paragraph. 

c.  A  duplicate  set  of  twenty-four  (24)  maps  on  a  scale  of  y^eVvo, or  1  inch  to  2  miles, 
illustrating  the  topography  of  the  country  through  which  the  boundary  line  runs,  and 
indicating  the  relative  positions  of  the  various  monuments  and  marks  referred  to  in 
section  b  of  this  paragraph. 

2.  The  second  article  of  the  convention  of  London,  signed  20th  October,  1818,  is 
read,  as  follows : 

“  It  is  agreed  that  a  line  drawn  from  the  most  northwestern  point  of  the  Lake  of 
the  Woods,  along  the  fortyT-ninth  parallel  of  north  latitude,  or  if  the  said  point  shall 
not  be  in  the  forty-ninth  parallel  of  north  latitude,  then  that  a  line  drawn  from  the  said 
point  due  north  or  south,  as  the  case  may  be,  until  the  said  line  shall  intersect  the  said 
parallel  of  north  latitude,  and  from  the  point  of  such  intersection  due  west,  along  and 
with  the  said  parallel,  shall  be  the  line  of  demarkation  between  the  territories  of  His 
Britannic  Majesty  and  those  of  the  United  States,  and  that  the  said  line  shall  form  the 
southern  boundary  of  the  said  territories  of  His  Britannic  Majesty,  and  the  northern 
boundary  of  the  territories  of  the  United  States,  from  the  Lake  of  the  Woods  to  the 
Stony  Mountains.” 

The  duplicate  documents  and  maps  enumerated  in  paragraph  numbered  one  (1)— 
one  set  for  each  of  the  respective  governments — having  been  examined  and  compared, 
are  authenticated  by  the  signatures  of  the  commissioners,  who  agree  as  follows : 

1.  The  three  hundred  and  eighty-eight  (388)  monuments  detailed  in  the  list  referred 
to  in  section  b  of  paragraph  numbered  one,  are  on  and  mark  the  astronomical  lines  stipu- 
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lated  by  the  second  article  of  the  convention  of  London  (signed  October  20,  1818)  to  be 
the  line  of  boundary  between  the  territories  of  Her  Britannic  Majesty  and  of  the  United 
States  of  America,  from  the  Lake  of  the  Woods  to  the  Stony  ( i .  e.,  Rocky)  Mountains. 

2.  In  the  intervals  between  the  monuments  along  the  parallel  of  latitude,  it  is 
agreed  that  the  line  has  the  curvature  of  a  parallel  of  49°  north  latitude ;  and  that 
such  characteristic  shall  determine  all  questions  that  may  hereafter  arise  with  reference 
to  the  position  of  the  boundary  at  any  point  between  neighboring  monuments. 

3.  It  is  further  agreed  that,  iu  the  event  of  any  of  the  said  three  hundred  and 
eighty-eight  (388)  monuments  or  marks  being  obliterated  beyond  the  power  of  recog¬ 
nition,  the  lost  site  or  sites  shall  be  recovered  by  their  recorded  position  relatively  to 
the  next  neighboring  unobliterated  mark  or  marks. 

ARCHIBALD  CAMPBELL, 

United  States  Commissioner,  London ,  May  29,  1876. 

D.  R.  CAMERON, 

Major  B.  A.,  Her  Britannic  Majesty's  Commissioner,  London ,  May  29, 1870. 

The  proceedings  of  the  joint  commission  having  thus  been  brought  to 
a  conclusion,  it  adjourned  sine  die. 

In  accordance  with  an  estimate  of  the  chief  astronomer  of  the  United 
States  commission,  made  immediately  preceding  the  opening  session  of  the 
present  Congress,  the  Department  was  informed  that  the  office-work  of  the 
commission  would  be  completed  at  the  close  of  the  present  fiscal  year, 
and  that  a  balance  of  the  appropriation,  amounting  to  $15,000,  would 
probably  remain  unexpended.  This  contemplated  result  is  now  accom¬ 
plished,  and  is  in  a  great  measure  due  to  the  ability  and  careful  manage¬ 
ment  of  Major  Twining,  who  has  had  immediate  charge  of  the  survey  of 
the  boundary-line,  and  to  his  assistants,  Captain  Gregory  and  Lieutenant 
Greene,  United  States  Engineers,  who  have  most  efficiently  and  zealously 
discharged  the  duties  which  devolved  upon  them. 

Mr.  James  E.  Bangs,  the  secretary  of  the  commission,  who  has  been 
immediately  under  my  charge,  has  performed  with  fidelity  and  accuracy 
the  various  duties  pertaining  to  his  position,  and  particularly  those  con¬ 
nected  with  the  disbursement  of  the  funds  appropriated  for  the  expenses  of 
the  commission. 

In  conclusion,  I  would  respectfully  call  the  attention  of  the  Depart¬ 
ment  to  the  report  of  Dr.  Elliott  Cones,  the  surgeon  and  naturalist  of  the 
commission,  whose  eminent  ability  in  the  latter  position  has  placed  him 
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among  the  most  distinguished  of  those  who  have  devoted  themselves  to  this 
branch  of  science. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

ARCHIBALD  CAMPBELL, 
Commissioner  Northern  Boundary  Survey. 

Hon.  Hamilton  Fish, 

Secretary  of  State. 

n  b - 3 
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LIST  OF  THE  ASTRONOMICAL  STATIONS  OBSERVED  BY  THE  JOINT  COMMISSION  FOR  THE 
DETERMINATION  OF  THE  INTERNATIONAL  BOUNDARY-LINE  FROM  THE  NORTHWEST 
ANGLE  OF  THE  LAKE  OF  THE  WOODS  TO  THE  ROCKY  MOUNTAINS. 


No. 

Name  of  the  astronomical  station. 

Distance  from 
Lake  of  the 
Woods  station. 

Longitude  west 
of  Greenwich. 

Remarks. 

Miles. 

Linlcs. 

o 

/ 

// 

Northwest  anplo . 

95 

08 

39.7 

Lat.  49=  22'  19".137. 

1 

Lake  of  the  YVoods  (joint) . 

0 

0 

16 

55.3 

2 

Pine  River . 

31 

7205 

59 

01. 1 

3 

West  Roseau  Ridge . 

68 

1283 

96 

46 

51.9 

4 

Red  River  (joint)  . 

88 

4936 

97 

13 

51.5 

5 

Point  de  Michel  (joint) . . 

108 

5962 

40 

25.2 

(5 

Pembina  Mountain,  east  (joint) . 

124 

0002 

98 

00 

33.0 

7 

Pembina  Mountain,  west . 

135 

6307 

16 

06.3 

8 

Long  River .  . 

165 

1305 

54 

52. 1 

9 

Sleepy  Hollow . 

183 

3911 

99 

19 

02.4 

10 

Turtle  Mountain,  east . 

203 

7729 

46 

04.3 

11 

Turtle  Mountain,  west . 

238 

1510 

100 

31 

13.9 

12 

First  Souris  (or  Mouse  River) . 

258 

0744 

57 

29.8 

13 

South  Antler . 

281 

1973 

101 

28 

03.0 

14 

Second  Souris  (or  Mouse  River) . 

303 

7150 

57 

56.1 

15 

United  States  No.  8  Astronomical  Station  .. 

325 

3846 

102 

26 

25.2 

16 

Short  Creek . 

343 

2892 

50 

00.9 

17 

Third  Mouse  River . . 

359 

3254 

103 

11 

11.3 

18 

Grand  Coteau . 

377 

2977 

34 

53.7 

19 

Mid  Coteau . 

400 

4925 

104 

05 

34.0 

20 

Big  Muddy . 

426 

5035 

39 

53.6 

21 

Bully  Spring . 

451 

1841 

105 

12 

21.4 

22 

Poplar  River . 

473 

3454 

41 

39.2 

23 

West  Poplar . 

496 

6906 

106 

12 

34.4 

24 

Little  Rocky . 

522 

4742 

46 

31.5 

25 

Frenchman’s  Creek . 

550 

6740 

107 

23 

4*.  2 

26 

Cottonwood  Could . 

567 

3881 

45 

45.  9 

27 

Pool  on  Prairie . 

588 

1931 

108 

13 

09.2 

28 

Near  Goose  Lake . 

615 

3202 

48 

59.  6 

29 

East  Fork . 

642 

0218 

109 

24 

27.8 

30 

West  Fork . 

655 

2357 

41 

38.2 

31 

Milk  River  Lake . 

677 

0281 

110 

10 

19.5 

32 

Milk  River . 

702 

3023 

43 

46. 1 

33 

East  Butte  . . . 

723 

0383 

111 

11 

02.5 

34 

AVest  Butte . 

739 

5770 

33 

02.6 

35 

Red  Creek . 

760 

3160 

112 

00 

19.5 

36 

Second  Milk  River  (or  south  branch) . 

785 

0279 

32 

50.3 

37 

North  branch  Milk  River . 

804 

3361 

58 

25.2 

38 

Rocky  Mountains . 

825 

6138 

113 

26 

35.3 

39 

Belly  River . . . 

836 

3385 

40 

39.0 

40 

Chief  Mountain  Lake . 

846 

0240 

53 

19.7 

41 

Akamina . . . 

853 

2529 

114 

02 

56.5 

Observed  by  the  joint 

commission,  1861. 

W.  J.  TWINING, 

Captain  of  Engineers,  United  States  Chief  Astronomer. 

ARCHIBALD  CAMPBELL, 
United  States  Commissioner,  May  29,  187C. 

S.  ANDERSON, 

Captain  Royal  Engineers,  British  Chief  Astronomer. 
D.  R.  CAMERON, 

Major  Royal  Artillery,  Her  Britannic  Majesty’s  Commissioner,  May  29,  187C. 
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LIST  OF  MONUMENTS  MARKING  THE  INTERNATIONAL  BOUNDARY-LINE  FROM  THE  NORTH¬ 
WEST  ANGLE  OF  THE  LAKE  OF  THE  WOODS  TO  THE  ROCKY  MOUNTAINS. 


Note. — The  azimuths  given  in  this  table  are  calculated,  and  do  not  form  a  part  of  the  official  agreement  of  the  commissioners. 

MONUMENTS  MARKING  DUE  SOUTH  LINE. 


1 

o  . 

©  P 
r&  {3 

g  c 
p  £ 

Distance 
south  of 
northwest 
point. 

Nature  of  monument. 

Longitude 
west  of 
Greenwich. 

Azimuth. 

To  mound 

number— 

Azimuth. 

To  mound 

number — 

Remarks. 

Miles.  Links 

o  /  n 

o  / 

o  / 

0 

0 

95  08  57.  7 

tude  49°  23'  50". 3. 

i 

1 

3071 

Iron  pillar . 

95  08  57.  7 

00  00 

0 

180  00 

O 

Latitude  49°  22'  38" .2. 

2 

1 

7001 

. do . 

95  08  57.  7 

00 

1 

00 

3 

Latitude  49°  22'  12". 6  north  of  Daw 

son  road. 

3 

2 

2797 

. do . 

95  08  57.  7 

00 

O 

00 

4 

Latitude  49°  21'  47". 8. 

4 

3 

3626 

. do . 

95  08  57. 7 

00 

3 

00 

5 

Latitude  49°  20'  50". 4. 

5 

5 

0945 

. do . . 

95  08  57.  7 

00 

4 

00 

6 

Latitude  49°  19'  23".6. 

6 

0 

1882 

Granite  cairn . 

95  08  57.  7 

00 

5 

1)0 

7 

Latitude  49°  18'  25". 4. 

7 

7 

4351 

Iron  pillar . 

95  08  57. 7 

00 

6 

180  00 

8 

Latitude  49°  17'  17".2. 

MONUMENTS  FROM  LAKE  OF  THE  WOODS  WESTWARD. 


St'O 
©  C 

«  e 
S  S 
a  a 

<7 


1 

3 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

l(i 

17 

18 

19 

20 
21 
22 

23 

24 

25 
20 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 


38 

39 

40 

41 

42 

43 

44 


Distance 
from  Lake  of 
tlio  Woods. 


Nature  of  monument. 


Miles  Links 
0  0 


Stone  cairn,  7i'  x  8' - 


3  0 

5  0 

9  0 

12  0 
15  0 

17  0 

18  2080 
21 

24  1548 

25  6804 

29 

30 

32  5154 


Earth  mound,  7'  x  14'  . . 

. do . 

Iron  pillar . 

Earth  mound,  7'  x  14' . . 

. do . 

Iron  pillar . 

Earth  mound,  7'  x  14'  . . 

Iron  pillar . 

Earth  mound,  7'  x  14' . . 

Iron  pillar . 

Earth  mound,  7'  x  14' . . 

. do . 

. . do . . 


33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 


4936 

4936 

4936 

4936 

4936 

4930 

4936 

4936 

4936 

5519 

4936 

5519 

4936 

5519 

4936 

5519 

4936 

5519 

4936 

5519 

4936 

5519 

5519 


Earth-mound,  10'  x  6'  . . 

Timber . . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 

Iron  pillar . 

Earth  mound,  10'  x  6'  . . 

Iron  pillar . 

Earth  mound,  10'  x  6' . . 

Iron  pillar . 

Earth  mound,  10'  x  6' . . 

Iron  pillar . 

Earth  mound,  10'  x  6'  . . 

Iron  pillar . 

Earth  mound,  10'  x  6'  . . 

Iron  pillar . 

Earth  mound,  10'  x  6' 

Iron  pillar . 

. . do . 


56  5519 

57  5519 

58  5519 

59  5519 

60  5519 

61  5519 

62  5519 


do 

do 

do 

do 

do 

do 

do 


Longitude 
west  of 
Greenwich. 

Azimuth. 

To  mound 
number — 

Azimuth. 

To  mound 
number — 

Remarks. 

o  /  n 

95  16  55.  3 

20  52.  8 

o  / 

90  06 

1 

o  / 

270  09 

09 

2 

3 

Lake  of  the  Woods  astronomical 
station. 

23  31.  1 

07 

2 

10 

4 

28  47.  8 

06 

3 

09 

5 

32  45.  4 

06 

4 

09 

6 

36  42.  9 

06 

5 

09 

7 

39  21.  2 

07 

6 

08 

8 

East  of  northeast  Roseau  crossing. 

41  01.0 

08 

7 

09 

9 

44  37.9 

07 

8 

09 

10 

48  50.  8 

06 

9 

09 

11 

51  02.0 

07 

10 

09 

12 

On  Ridge. 

55  11.  3 

07 

11 

09 

13 

At  Pine  River. 

56  30.5 

07 

12 

07 

14 

96  00  00 

05 

13 

01 

15 

Marking  eastern  boundary  of  Mani- 

01  16.9 

00 

14 

01 

16 

toba. 

02  36.  0 

00 

15 

01 

17 

In  Great  Roseau  Swamp. 

03  55.  2 

00 

16 

01 

18 

Do. 

05  14.4 

00 

17 

01 

19 

Do. 

06  33.  6 

00 

18 

01 

20 

Do. 

07  52.  7 

00 

19 

01 

21 

Do. 

09  11.9 

00 

20 

01 

22 

Do. 

10  31.1 

00 

21 

01 

23 

Do. 

11  50.2 

00 

22 

01 

24 

Do. 

13  15.  2 

00 

23 

01 

25 

14  28.5 

00 

24 

02 

26 

15  53.  6 

89  59 

25 

01 

27 

17  06.  9 

59 

26 

02 

28 

18  31.9 

59 

27 

02 

29 

19  45.  3 

90  00 

28 

01 

30 

21  10.3 

00 

29 

02 

31 

Near  40-Mile  station. 

22  23. 6 

01 

30 

02 

32 

23  48.  6 

01 

31 

02 

33 

25  02.  0 

01 

32 

02 

34 

26  27.  0 

01 

33 

02 

35 

27  40.3 

01 

34 

02 

36 

29  05.3 

01 

35 

02 

37 

East  of  Pointe  d’Orme. 

30  24.5 

01 

36 

02 

38 

West  of  Point  d’Orme.  Betweon 

31  43.7 

01 

37 

02 

39 

37  and  36  tho  Roseau  River  at 
Pointe  d’Orme  crosses  the  line 
three  times. 

33  02.  8 

01 

38 

02 

40 

34  22.  0 

01 

39 

02 

41 

35  41.  2 

01 

40 

02 

42 

37  00.  4 

01 

41 

(12 

43 

38  19.  5 

01 

42 

02 

44 

39  38.  7 

01 

43 

02 

45 

36 
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Number  of 
|  mound. 

Distance 
from  Lake  of 
the  Woods. 

Nature  of  monument. 

Longitude 
west  of 
Greenwich. 

Azimuth. 

To  mound 
number — 

Azimuth. 

To  mound 

number— 

Remarks. 

45 

Miles. 

63 

Links. 

5519 

Iron  pillar . 

o  /  // 

96  40  57.  9 

o  / 

90  01 

44 

o  / 

270  02 

46 

46 

64 

5519 

. do . 

42  17. 1 

01 

45 

02 

47 

47 

65 

5519 

. do . 

43  36.  2 

01 

46 

02 

48 

48 

66 

5519 

. do . 

44  55.  4 

01 

47 

02 

49 

49 

67 

5519 

. do . 

46  14.6 

01 

48 

05 

50 

East  of  Roseau  Ridge. 

90 

68 

5519 

.  do . 

47  33.  8 

04 

49 

05 

51 

West  of  Roseau  Ridge. 

54 

69 

5519 

. 00 . 

48  52.  9 

04 

50 

05 

52 

52 

70 

5519 

. do  . 

50  12.1 

04 

51 

04 

53 

53 

71 

5519 

. do . 

51  31.3 

03 

52 

03 

54 

54 

72 

5519 

. do . 

52  50.  5 

04 

53 

05 

55 

55 

73 

5519 

. do . 

54  09.  6 

04 

54 

03 

56 

56 

74 

5519 

. do . 

55  28.  8 

04 

55 

05 

57 

57 

75 

5549 

. do . 

56  48.  0 

04 

56 

05 

58 

58 

76 

5519 

. do . . . 

58  07.2 

04 

57 

05 

59 

59 

77 

5919 

. do . 

59  26.  3 

04 

58 

05 

60 

60 

78 

5519 

. do . 

97  00  45.  5 

04 

59 

05 

61 

61 

79 

5519 

. do . 

02  04.  7 

04 

60 

04 

62 

62 

80 

5519 

. .do . 

03  23.  9 

03 

61 

05 

63 

63 

81 

5519 

. do . . 

04  43.  0 

04 

62 

05 

64 

64 

82 

5519 

. do . 

06  02.  2 

01 

63 

05 

65 

65 

83 

5519 

. do . . 

07  21.  4 

04 

64 

05 

66 

66 

84 

5519 

. do . 

08  40.  6 

04 

t)5 

05 

67 

West  bank  of  Joe  River. 

67 

85 

5519 

. do . 

09  59.  7 

04 

66 

03 

68 

68 

86 

5519 

. do . . 

11  18.9 

04 

67 

05 

69 

69 

87 

5519 

. do . 

12  38. 1 

04 

68 

05 

70 

East  of  Red  River. 

70 

88 

4936 

. do . 

13  51.  5 

02 

69 

00 

71 

Red  River  astronomical  station. 

71 

88 

5319 

. do . 

13  57.  3 

00 

70 

01 

72 

72 

89 

5519 

. do . 

15  16.4 

00 

71 

01 

73 

73 

90 

5519 

. do . 

16  35.6 

00 

72 

01 

74 

74 

91 

5519 

. do . 

17  54.  8 

OO 

73 

01 

75 

75 

92 

5919 

. do . 

19  14.0 

00 

74 

01 

76 

76 

93 

5519 

. do . 

20  33.  1 

00 

75 

01 

77 

77 

94 

5519 

. do . 

21  52.3 

00 

76 

01 

78 

78 

95 

5519 

. do . 

23  11.5 

00 

77 

01 

79 

Marais  River. 

79 

96 

5519 

. do . 

24  30.  7 

00 

78 

01 

80 

80 

97 

5519 

. do . 

25  49.  8 

CO 

79 

01 

81 

81 

98 

5519 

. do . 

27  09.  0 

00 

80 

01 

82 

Manitoba  principal  meridian. 

82 

99 

5519 

. do . 

28  28. 2 

00 

81 

01 

83 

83 

100 

5519 

. . do . . 

29  47.  4 

00 

82 

01 

84 

84 

101 

5519 

. do . 

31  06.  5 

00 

83 

01 

85 

85 

102 

5519 

. . do . . 

32  25.  7 

00 

84 

01 

86 

66 

103 

5519 

. do . . 

33  44.9 

00 

85 

01 

87 

87 

104 

5519 

35  04.  1 

00 

86 

01 

88 

88 

105 

5519 

. do . . 

36  23.  2 

00 

87 

01 

89 

89 

106 

5519 

. do . 

37  42.  4 

00 

88 

01 

90 

90 

107 

5519 

. do . 

39  01.  6 

00 

89 

01 

91 

91 

108 

5519 

40  20.  8 

00 

90 

269  58 

92 

Grant's,  or  Pointe  Michel. 

02 

109 

5519 

. do . 

41  39.9 

89  57 

91 

58 

93 

93 

110 

5519 

. do . . 

42  59. 1 

57 

92 

58 

94 

94 

111 

5519 

. do . 

44  18.3 

57 

93 

58 

95 

95 

112 

5519 

. do . . 

45  37.  5 

57 

94 

58 

96 

96 

113 

5519 

. do . 

46  56.  6 

57 

95 

58 

97 

97 

114 

6319 

. do . 

48  23.  7 

57 

96 

58 

98 

98 

115 

5519 

. do . 

49  35.  0 

57 

97 

58 

99 

99 

116 

5519 

. do . . 

50  54. 1 

57 

98 

58 

100 

100 

117 

5519 

. do . 

52  13.  3 

57 

99 

58 

101 

101 

118 

5519 

. do . 

53  32.  5 

57 

100 

58 

102 

102 

119 

5519 

54  51.  7 

57 

101 

58 

103 

103 

120 

5519 

. do . 

56  10.9 

57 

102 

57 

104 

104 

121 

5519 

. do . . 

57  30.  0 

56 

103 

57 

105 

105 

122 

5519 

. do . 

£8  49.2 

56 

104 

57 

106 

106 

123 

5519 

. do . . 

98  00  08.  4 

56 

105 

58 

107 

Base  of  Pembina  Mountain. 

107 

124 

5519 

. do . 

01  27.6 

58 

106 

55 

108 

108 

125 

5519 

. do . . 

02  46.  7 

54 

107 

55 

109 

109 

126 

5519 

. do . . 

04  05.  9 

54 

108 

55 

110 

110 

127 

5519 

. do . . 

05  25. 1 

53 

109 

55 

111 

111 

128 

5519 

. do . 

06  44.  3 

54 

110 

54 

112 

112 

129 

5519 

. do . 

08  03.  4 

54 

111 

54 

113 

1 13 

130 

5519 

. do . 

09  22.  6 

54 

112 

54 

114 

114 

131 

5519 

. do . 

10  41.8 

53 

113 

55 

115 

.1 15 

132 

6065 

. do . 

12  06.  5 

54 

114 

270  00 

116 

Near  west  bank  of  rembina  River. 

116 

134 

2307 

. do . 

14  07.  5 

90  00 

115 

00 

117 

Top  of  ridge  west  of  Pembina 

117 

134 

5519 

. do . 

14  39.  3 

00 

116 

00 

118 

River. 

118 

135 

5519 

. . do . 

15  58.  5 

00 

117 

269  59 

119 

Near  United  States  astronomies] 

119 

136 

5519 

. do . 

17  17.  6 

89  58 

118 

58 

120 

station  No.  4. 

o  . 

(->  T3 

a 

g 

I! 

120 

121 

122 

123 

121 

125 

120 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

161 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

176 

179 

180 

181 

182 

163 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 
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ist  of  the  monuments  marking  the  international  houndary-line,  <fc. — Continued. 


Nature  of  monument. 

Longitude 
west  of 
Greenwich. 

Azimuth. 

a  J 

o  £ 
£  a 
O  P 

H  « 

Azimuth. 

£  1 

G  G 

o  © 
2  -£ 
^  G 
O  G 

H  a 

Remarks. 

Iron  pillar . 

o  /  n 

98  18  36.  8 

o  / 

89  57 

119 

o  / 

2GD  58 

121 

. do . . 

19  56.  0 

57 

120 

59 

122 

21  15.2 

58 

121 

58 

123 

22  34.  4 

57 

122 

58 

124 

. do . 

23  53.  5 

57 

123 

58 

125 

. do . 

25  12.  7 

57 

124 

58 

126 

. do . . 

26  31.9 

57 

125 

58 

127 

. do . 

27  51.  1 

57 

126 

58 

128 

. do . 

29  10.2 

57 

127 

58 

129 

. do . 

30  29.  4 

57 

128 

58 

130 

. do . 

31  48.6 

57 

129 

58 

131 

33  07.  8 

57 

130 

58 

132 

. do . 

34  26.  9 

57 

131 

58 

133 

East  bank  of  large  coul6. 

. do . . 

35  46.  1 

57 

132 

58 

134 

. do . 

37  05.  3 

57 

133 

58 

135 

. do . 

38  24.  5 

57 

134 

58 

136 

. do . 

39  43.  6 

57 

135 

58 

137 

Hear  coiile,  east  bank. 

. do . 

41  02.  8 

57 

136 

58 

138 

. do . 

42  22.  0 

57 

137 

58 

139 

. do . 

43  41.  1 

57 

138 

58 

140 

45  00.  3 

57 

139 

58 

141 

. do . 

46  19.  5 

57 

140 

58 

142 

Hear  crossing  of  Half-Breed  trail. 

47  38.  7 

57 

141 

58 

143 

48  57.  9 

57 

142 

58 

144 

. do . 

50  1 7.  0 

57 

143 

58 

145 

. do . 

51  36.2 

57 

144 

59 

146 

_ ..(lo . 

52  55.  4 

58 

145 

58 

147 

.....  do . 

54  14.6 

57 

146 

57 

148 

. do . 

55  33.  7 

54 

147 

55 

149 

. do . 

56  52.9 

54 

148 

55 

150 

. do . 

58  12.  1 

54 

149 

55 

151 

. do . 

59  31.3 

54 

150 

55 

152 

99  00  00.  0 

54 

151 

54 

153 

Western  boundary  of  Manitoba. 

00  50.  4 

54 

152 

55 

154 

. do . 

02  09.  0 

54 

153 

55 

155 

Stone  cairn,  13'  x  7'*  . . . 

02  24.  2 

54 

154 

55 

156 

. do* . 

05  04.  2 

54 

155 

55 

157 

09  06.  7 

52 

156 

54 

158 

Stone  cairn,  10'  x 6'*  . .. 

10  04.  3 

53 

157 

56 

159 

Earth  mound,  16' x  7'*  . 

12  53.  0 

54 

158 

55 

160 

. do'  . 

15  40.  1 

53 

159 

55 

ICi 

Eart-li  mound,  10'  x  5'* . 

18  38.  3 

53 

160 

54 

162 

Earth  mound,  9'  x  6'*  . . 

19  03.  0 

53 

161 

56 

163 

Sleepy  Hollow  astronomical  station. 

. do* . 

23  00.  5 

54 

162 

56 

161 

. do* . 

26  31.5 

54 

163 

56 

165 

. do* . 

29  54.  2 

54 

164 

57 

166 

. do* . 

34  27.  0 

53 

165 

57 

167 

. do* . 

38  50.  6 

53 

16G 

57 

168 

. do* . 

43  27.  7 

53 

167 

56 

169 

Earth  mound,  14'  x  6'  *. 

46  04.  2 

54 

168 

270  04 

170 

Turtle  Mountain,  east,  astronom- 

. do* . 

50  01.  8 

90  01 

169 

04 

171 

ical  station. 

. do* . 

53  38.  0 

01 

170 

04 

172 

. do* . 

57  56.  8 

01 

171 

04 

173 

. do* . 

100  00  57.  6 

02 

172 

05 

174 

. do* . 

05  51.9 

01 

173 

04 

175 

. do* . 

09  44.  6 

01 

174 

01 

176 

. do* . 

13  46.  9 

01 

175 

04 

177 

. do* . 

17  32.  0 

01 

170 

04 

178 

. do . 

20  18.0 

01 

177 

03 

179 

East  shore  of  Boundary  Lake. 

Earth  mound,  9'  x  6'*  . . 

25  05.  5 

00 

178 

03 

180 

High  ridge  east  of  Summit.  Lake. 

. do* . 

27  27.  7 

01 

179 

03 

181 

On  slop©  of  Turtle  Mountain,  and 

Stone  cairn,  16'  x  7'*  . . . 

30  48.  7 

01 

180 

05 

182 

outside  of  timber. 

East  of  Turtle  Mountain,  west,  as- 

37  45.  8 

01 

181 

05 

183 

tronomical  station. 

. do* . 

42  57.  9 

01 

182 

04 

184 

. do* . 

45  59.  9 

01 

183 

04 

185 

. do* . 

50  25.  7 

01 

184 

01 

IK) 

Earth  mound,  8'  x  5'*  . . 

53  54.0 

02 

185 

03 

187 

Stone,  16'  x  7'*  . . 

55  22.  4 

02 

186 

03 

188 

Earth  mound,  5'  x  8'*  . . 

57  29.  8 

02 

187 

00 

189 

First  c.ross’ng  of  Mouse  River,  on 

101  01  27.3 

89  57 

188 

00 

190 

west  bank,  astronomical  station. 

. do* . 

05  24.  8 

57 

189 

01 

191 

09  22.  3 

58 

190 

00 

192 

. do* . . 

13  19.  9 

57 

191 

00 

193 

Right  bank  of  South  Antler  Creek. 

. do* . 

17  17.4 

57 

192 

00 

194 

Left  bank  of  South  Autler  Creok. 
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<4-1 

O  . 

ns 

03  a 

d 
s  c 

5  2 
fc 

Distance 
from  Lake  of 
the  Woods. 

Nature  of  monument. 

Longitude 
west  of 
Greenwich. 

Azimuth. 

To  mound 

number — 

Azimuth. 

To  mound 

number — 

Remarks. 

194 

Miles.  Links. 
276  0744 

Earth  mound,  5'  x  8'*  . 

O  1  II 

101  21  14.  9 

o  / 

89  57 

193 

o  1 

270  00 

195 

195 

279 

0744 

. do* . 

25  12.  4 

57 

194 

270  00 

196 

196 

281 

1973 

Stone  cairn,  10'  x  5'*  . .. 

28  02.  9 

58 

195 

269  55 

197 

On  prairie  near  South  Antler  Creek 

197 

283 

3146 

Stone  cairn,  15'  x  6"  . . . 

30  52.9 

52 

196 

54 

198 

198 

286 

0448 

. do* . 

31  23.  7 

52 

197 

55 

199 

199 

288 

5976 

Earth  mound,  15'  x  G'* 

37  56.  8 

52 

198 

55 

200 

200 

291 

0514 

Stone  cairn,  15'  x  6'*  . . . 

41  00.2 

52 

199 

55 

201 

201 

294 

7699 

Earth  mound,  12'  x  6'*  - 

46  08.  9 

52 

200 

55 

202 

202 

297 

2521 

. do* . 

49  15.1 

52 

201 

55 

203 

203 

300 

1250 

Stone  cairn.  12'  x  G'*  . . . 

53  00. 1 

51 

202 

56 

204 

204 

301 

5152 

. do* . 

54  57.  9 

51 

203 

49 

205 

East  hank  of  Mouse  River,  neai 

205 

303 

7150 

Earth  mound,  5'x6'*.. 

57  56.  0 

47 

204 

270  01 

208 

road. 

Second  crossing  Mouse  River 

206 

306 

7150 

. do* . 

102  01  53.6 

58 

205 

01 

207 

astronomical  station. 

207 

309 

7150 

. do* . 

05  51. 1 

58 

21)6 

01 

208 

208 

312 

7678 

. do* . 

09  53. 8 

58 

207 

01 

209 

East  of  Riviere  des  Lacs. 

209 

315 

7150 

. do* . 

13  46. 1 

57 

208 

01 

210 

West  of  Riviere  des  Lacs. 

210 

319 

0398 

. do* . 

17  56.  0 

57 

209 

00 

211 

211 

321 

7150 

. do* . 

21  41.2 

57 

210 

01 

212 

212 

325 

3846 

Earth  mound,  14' x  6'*. 

26  25.  2 

57 

211 

08 

213 

Astronomical  station. 

213 

329 

7294 

Stone,  8'x  6'* . 

32  16.  0 

90  01 

212 

08 

214 

214 

331 

5986 

Earth  mound,  14'  xC7*  . 

34  41.  4 

06 

213 

08 

215 

215 

334 

5167 

Stone,  8'  x  6'* . 

38  30.  8 

05 

214 

08 

216 

216 

337 

1260 

Earth  mound,  10' x  5'*  - 

41  49.7 

05 

215 

08 

217 

217 

340 

1291 

Stone,  107  x  57* . 

45  47.  5 

05 

216 

08 

218 

East  bank  of  could. 

218 

342 

2814 

Earth  mound,  13'  x  6'*  . 

48  40.  9 

06 

217 

07 

219 

East  bank  Short  Creek. 

219 

343 

2892 

Eartb  mouud,  9'  x  6'*  . . 

50  00.  9 

06 

218 

03 

220 

British  astronomical  station,  Short 

220 

346 

0472 

Earth  mound,  12'  x  6'*  . 

53  34.  4 

00 

219 

03 

221 

Creek,  west  bank. 

221 

349 

2410 

. do* . 

57  51.  1 

00 

220 

03 

222 

222 

352 

4392 

. do* . . . 

103  02  08.  3 

03 

221 

03 

223 

Near  Half-Breed  road,  east  ban! 

223 

356 

0770 

.  do* . 

06  49. 1 

89  59 

222 

03 

224 

of  Mouse  River. 

West  of  Mouse  River. 

224 

359 

3254 

Stone,  12'  x  5'* . 

Earth  mound,  18'  x  8'*  . 

11  11.2 

59 

223 

269  59 

225 

Third  Mouse  astronomical  station. 

225 

361 

7908 

14  35.  7 

56 

224 

269  59 

226 

226 

364 

3666 

. do* . 

17  51.2 

57 

225 

270  00 

227 

East  of  Mouse  River. 

227 

369 

0336 

Earth  mound,  lb7  x  67*  . 

23  54. 1 

55 

226 

270  00 

228 

West  of  Mouse  River. 

228 

372 

4136 

. do* . 

28  29.  3 

56 

227 

269  59 

229 

229 

374 

5825 

StODe,  12'  x  7'* . 

31  24.3 

57 

228 

269  59 

230 

230 

377 

2977 

Earth  mound,  12'  x  6'*  . 

34  53.  7 

56 

229 

270  09 

231 

Grand  Cot.au  astronomical  station, 

231 

379 

7417 

. do . 

38  16.  0 

90  06 

230 

09 

232 

base  of  Coteau. 

232 

382 

4013 

. do . 

41  39.8 

06 

231 

09 

233 

233 

385 

1896 

. do . 

45  16.  4 

06 

232 

09 

234 

234 

386 

6377 

. do . . 

49  58. 2 

06 

233 

09 

235 

235 

392 

4139 

. do . 

54  52.  8 

06 

234 

09 

236 

236 

395 

4462 

. do . 

58  53. 5 

06 

235 

09 

237 

237 

398 

6241 

. do . 

104  03  08.  6 

06 

236 

08 

238 

238 

400 

4925 

Earth  mound,  10'  x  5'  .. 

05  31.0 

07 

237 

209  52 

239 

Mid-Cote.au  astronomical  station. 

239 

403 

2392 

- do . 

09  06.4 

89  49 

2)18 

52 

240 

210 

405 

5407 

St'  no,  16'  x  5' . 

12  14.  6 

49 

239 

52 

241 

241 

407 

6966 

. do . 

15  08.  4 

49 

240 

52 

242 

East  side  of  large  could. 

242 

410 

4899 

Earth,  10'  x  5' . 

1 8  45.  5 

49 

241 

52 

243 

West  side  of  large  could. 

243 

413 

3675 

. do . 

22  30.  9 

49 

242 

52 

244 

244 

417 

2411 

. do . 

27  35.  0 

49 

243 

52 

245 

245 

421 

2177 

Stone,  10'  x  5' . 

32  49.4 

49 

244 

52 

246 

246 

424 

0941 

. do . 

36  34.  7 

49 

245 

52 

247 

247 

426 

5035 

Earth.  14' x  6' . 

39  53.  6 

49 

246 

270  05 

248 

Big  Muddy  astronomical  station. 

248 

429 

4938 

. .do . . 

43  50.  2 

90  02 

247 

05 

249 

249 

432 

1370 

Earth  mound,  147  x  67  . . 

47  12.  4 

02 

248 

05 

250 

East  of  Pyramid  Creek.  • 

250 

435 

3035 

. do . 

51  26.4 

02 

249 

04 

251 

On  west  bluff  Pyramid  Creek. 

251 

437 

1489 

. do . 

53  49.  4 

02 

250 

05 

252 

252 

440 

7152 

. do . 

58  43.  0 

01 

251 

04 

253 

East  of  Big  Muddy  River. 

253 

444 

5081 

. do . 

105  03  39.  2 

00 

252 

03 

254 

West  of  Big  Muddy  River. 

254 

447 

5311 

Stone,  12'  x  6' . 

07  39.  0 

00 

253 

03 

255 

255 

451 

1841 

Stone,  10'  x  5' . 

12  21.  4 

00 

254 

06 

256 

Bullv  Spring,  United  States  astro 

256 

451 

4321 

. do . . 

12  45.  9 

05 

255 

07 

257 

nomical  station  No.  11. 

257 

454 

4541 

Earth  mound,  10'  x  5' . . 

16  45.  6 

04 

256 

07 

258 

258 

457 

5874 

. do  . 

20  56.  3 

04 

257 

07 

259 

259 

460 

5841 

. do . 

24  53.5 

04 

258 

07 

260 

In  a  broad  valley. 

260 

464 

4632 

. do . 

29  58.  3 

03 

259 

07 

261 

261 

467 

4826 

. do . 

33  57.  7 

04 

260 

07 

262 

262 

472 

0732 

. do . 

39  53.  1 

03 

261 

or. 

263 

In  valley  of  Popl  r  River. 

263 

473 

3454 

Earih  mouud,  14'  x  6' . . 

41  39.2 

04 

262 

269  57 

2G4 

Poplar  River  astronomical  station 

264 

476 

3454 

. do .  . . 

45  36.  7 

89  54 

263 

57 

265 

265 

479 

3332 

. do . 

49  33.  0 

54 

261 

57 
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List  of  the  monuments  marking  the  international  boundary-line, 


Vt 

C  . 

u 

cu  a 

^  P 
e  2 

Distance 
from  Lake  of 
the  Woods. 

Nature  of  monument. 

Longitude 
west  of 
Greenwich. 

Azimuth. 

To  mound 

number — 

Azimuth. 

To  mound 

number— 

26G 

Miles.  Links. 
482  3454 

Earth  mound,  14'  x  6' . . 

o  /  // 

105  53  31.  8 

o  / 

89  54 

265 

o  / 

269  57 

267 

207 

485 

3454 

. do . 

57  29.  3 

54 

266 

57 

268 

268 

488 

3454 

. do . 

106  01  26.8 

54 

267 

56 

269 

269 

491 

2054 

. do . 

05  10.  5 

54 

268 

57 

270 

270 

494 

3454 

. do . 

09  21.  8 

54 

269 

56 

271 

271 

496 

6906 

Stone,  15'  x  6'* . 

12  34.  3 

54 

270 

270  07 

272 

272 

498 

6821 

Earth  mound,  12'  x  7'*  . 

15  11.9 

90  05 

271 

07 

273 

273 

501 

1299 

. do* . 

18  14.  7 

05 

272 

07 

274 

274 

502 

7391 

. do* . 

20  34. 2 

05 

273 

07 

275 

275 

505 

0356 

. do* . 

23  22. 1 

05 

274 

08 

276 

276 

510 

0170 

29  56. 1 

64 

275 

07 

277 

277 

511 

1061 

Stone,  10' x  6'* . 

31  21.  1 

05 

276 

08 

278 

278 

514 

1239 

. do* . 

35  23.  4 

05 

277 

08 

279 

279 

518 

3641 

Earth  mound,  12'  x  7'* 

41  03.9 

04 

278 

07 

280 

280 

520 

7605 

Stone,  10'  x  6'* . 

44  21.  5 

05 

279 

07 

281 

281 

522 

4742 

Earth  mound,  14'  x  6'*  . 

46  31.5 

05 

280 

02 

282 

282 

525 

3103 

Stone,  10'  x  6'* . 

50  12.  8 

00 

281 

02 

283 

283 

528 

0764 

. do* . 

53  47.  2 

(10 

282 

03 

284 

284 

531 

2323 

. do*  . 

58  00. 1 

00 

283 

03 

285 

285 

534 

7642 

. do* . 

107  02  50.  3 

89  59 

284 

02 

286 

286 

537 

1010 

. do* . 

05  42.  2 

90  00 

285 

03 

287 

287 

541 

7704 

. do* . 

12  05. 1 

89  59 

286 

03 

288 

288 

544 

7513 

Earth  monnd,  12'  x  6'*  . 

16  00.8 

90  00 

287 

03 

289 

289 

548 

3375 

Stone,  10'  x  6'* . 

20  36.  5 

00 

288 

02 

290 

290 

550 

6740 

. do* . 

23  48.  2 

00 

289 

07 

291 

291 

553 

1607 

. do* . 

26  54.  9 

04 

290 

08 

292 

292 

557 

2460 

. do* . 

32  20.  0 

04 

291 

07 

293 

293 

560 

3708 

. do* . 

36  29.  9 

04 

292 

07 

294 

294 

563 

2270 

. do* . 

40  13. 2 

04 

293 

07 

295 

295 

565 

2322 

. do* . 

42  52. 1 

05 

294 

07 

296 

296 

567 

3881 

Stone,  12'  x  6'* . 

45  45.  8 

05 

295 

00 

297 

297 

570 

3881 

. do*t . 

49  43.  4 

89  57 

296 

00 

298 

298 

573 

3881 

Stone,  10'  x  6'* . 

53  40.9 

57 

297 

00 

299 

299 

576 

3881 

57  38.  4 

57 

298 

00 

300 

300 

579 

3881 

108  01  35. 9 

57 

299 

00 

301 

301 

582 

3881 

05  33.  5 

57 

300 

00 

302 

302 

585 

3881 

. do*t . 

09  31.  0 

57 

301 

00 

303 

303 

588 

1931 

. do* . 

13  09.  2 

57 

302 

269  58 

304 

304 

591 

6187 

. do* . 

17  48.  8 

55 

303 

59 

305 

305 

596 

5787 

. do* . 

24  20.  8 

54 

304 

58 

306 

306 

599 

0228 

. do* . 

27  23.  3 

55 

305 

58 

307 

307 

601 

2182 

. do* . 

30  21.  0 

55 

306 

59 

308 

308 

605 

6789 

. do* . 

36  23.  3 

54 

307 

58 

309 

309 

608 

6593 

. do* . 

40  18.  9 

55 

308 

58 

310 

310 

613 

0378 

. do* . 

45  53.  2 

54 

309 

58 

311 

311 

615 

3202 

Stone,  12'  x  6'* . 

43  59. 5 

55 

310 

270  11 

312 

312 

618 

3202 

Stone,  10' x  6'* . 

52  57. 0 

90  08 

311 

11 

313 

313 

621 

1085 

. do* . 

56  33.  6 

03 

312 

It 

314 

314 

624 

2737 

109  00  47.  5 

08 

313 

11 

315 

315 

627 

0571 

04  23.  6 

08 

314 

11 

316 

316 

630 

4402 

08  59.  0 

08 

315 

10 

317 

317 

632 

4005 

. do* . 

11  33.  4 

08 

316 

11 

318 

318 

635 

4459 

Stone  and  earth  mound, 

15  35. 5 

08 

317 

11 

319 

319 

639 

4147 

10'  x  6'*. 

Stone,  10'  x  6'* . 

20  49. 1 

08 

318 

11 

320 

320 

642 

0218 

. do* . 

24  07.  7 

08 

319 

269  53 

321 

321 

643 

6856 

. do* . 

26  32.  6 

89  51 

320 

53 

322 

322 

646 

2395 

. do* . 

29  46.  0 

51 

321 

53 

323 

323 

649 

2001 

. do* . 

33  39.  6 

50 

322 

53 

324 

324 

651 

1113 

Earth  mound,  12'  x  7'*  . 

36  09.  2 

51 

323 

54 

325 

325 

655 

2357 

Stone,  10'  x  6'*t . 

41  38. 2 

50 

324 

57 

320 

326 

658 

2357 

. do*t . . 

45  35.  7 

54 

325 

55 

327 

327 

661 

2357 

. do** . 

49  33.2 

52 

326 

55 

328 

328 

2357 

. do't . 

53  30.  7 

52 

327 

55 

329 

329 

667 

2357 

. do* . 

57  28.  2 

52 

328 

55 

330 

330 

670 

2357 

. do*t . 

110  01  25.8 

52 

329 

55 

331 

331 

673 

2357 

. do*t . 

05  23.  3 

52 

330 

55 

332 

332 

677 

0281 

Stone,  10' x  8'* . 

10  19.  5 

52 

331 

54 

333 

tfc. — Continued. 


Remarks. 


West  Poplar  River  astronomical 
station. 


On  edge  of  west  branch  Poplar 
River. 


East  of  Little  Rocky  Creek. 

Little  Rocky  Creek  astronomical 
station  ;  west  of  creek. 


On  east  bluff  of  Frenchman's  Creek. 

On  west  bluff  of  Frenchman’s  Creek. 
Frenchman’s  Creek  astronomical 
station. 

Near  lake. 


Cottonwood  could  astronomical 
station. 


On  west  bank  of  Cottonwood  could. 


Pool  on  Prairie  astronomical  sta¬ 
tion. 


Near  Goose  Lake  astronomical 
station. 


East  Fork  astronomical  station,  in 
river  bottom. 


West  Fork,  astronomical  station,  in 
river  bottom. 


Milk  River  Lake  astronomical  sta¬ 
tion. 
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List  of  the  monuments  marking  the  international  boundary-line,  <fc. — Continued. 


<— 

o  . 

f-tTT 
O  G 

pO  p 

a  a 

Distance 
from  Lake  of 
the  Woods. 

Nature  of  monument. 

Longitude 
west  of 
Greenwich. 

Azimuth 

To  mound 

number — 

Azimuth 

To  mound 

number — 

Remarks. 

Miles.  Links. 

o  /  // 

o  / 

o  / 

333 

(380 

0197 

Earth  and  stone  mound 

1L0  14  19.1 

89  51 

332 

269  54 

334 

10'xti'* 

334 

683 

1144 

. do* . 

18  23. 1 

51 

333 

54 

335 

335 

685 

5545 

Stone,  10'  x  6'* . 

21  45.0 

51 

334 

55 

336 

336 

699 

3677 

. do* . 

39  54.  9 

50 

335 

57 

337 

337 

702 

3023 

Stone,  12' x  6'* . 

43  46.  0 

49 

336 

46 

338 

West  of  Milk  River  astronomical 

station. 

338 

705 

7527 

Stone,  10' x  6'*... . 

48  28. 1 

43 

337 

46 

339 

339 

708 

3204 

. do* . 

51  42.  8 

43 

338 

46 

340 

On  west  bank  large  could. 

310 

711 

344  4 

. do* . 

55  42.  7 

43 

339 

46 

341 

311 

714 

2412 

. do* . . 

59  30.  0 

43 

340 

46 

342 

312 

717 

7848 

111  04  21.3 

43 

341 

46 

343 

313 

720 

5550 

. do* . 

07  56. 1 

43 

342 

51 

344 

On  crest  of  spur. 

314 

723 

0383 

11  02.  5 

50 

343 

51 

345 

Mound  on  west  slope  of  spur  of 

East  Butte. 

315 

726 

4094 

. do* . 

15  36.  8 

49 

344 

51 

346 

316 

730 

0573 

. do* . 

20  18.6 

48 

345 

51 

347 

317 

734 

0724 

Stone.  10'  x  7'* . . 

25  36.  8 

48 

346 

52 

348 

348 

738 

5383 

31  39.6 

48 

347 

50 

349 

East  of  West  Butte. 

349 

740 

0197 

Stone,  10'  x  6'*t . 

33  26.  6 

49 

348 

270  25 

350 

West  of  West  Bu.te. 

350 

742 

6392 

. do*t . 

37  06.  3 

90  22 

349 

25 

351 

351 

715 

6377 

. do*t . 

41  03.7 

22 

350 

25 

352 

352 

748 

6766 

. do*t . 

45  05. 1 

22 

351 

25 

353 

Near  Creek. 

353 

751 

5770 

. do*t . 

48  52.  7 

22 

352 

25 

354 

354 

751 

5770 

. do*t . 

52  50.  2 

22 

353 

25 

355 

355 

757 

7524 

57  05. 1 

22 

354 

25 

356 

356 

760 

3160 

. do* . 

112  00  19.5 

22 

355 

02 

357 

Red  Creek  astronomical  station. 

357 

763 

7188 

. do* . 

04  56.  8 

89  59 

356 

02 

358 

East  of  Rod  Creek,  near  Whoop-up 

trail. 

358 

768 

2493 

. do* . 

10  46.3 

58 

357 

02 

359 

359 

771 

4268 

. do* . 

15  01.4 

59 

358 

02 

360 

360 

774 

4353 

. do* . 

18  59.  7 

59 

359 

02 

361 

361 

777 

2061 

. do* . 

22  34.6 

59 

360 

02 

362 

362 

779 

2675 

. do* . 

25  19.  0 

59 

361 

03 

363 

363 

781 

6772 

. do* . 

28  37.  9 

58 

362 

03 

364 

361 

785 

0279 

Stone,  12  x  6'* . 

32  50. 3 

58 

363 

269  58 

365 

Astronomical  station  south  branch 

Milk  River,  on  west  bank. 

365 

787 

6221 

Stone,  10'  x  6'* . 

36  27.  5 

55 

364 

58 

366 

366 

790 

7610 

. do* . 

40  38.  7 

55 

365 

57 

367 

367 

793 

7613 

. do* . 

44  36.  3 

54 

366 

57 

368 

368 

798 

2305 

. do* . 

50  19.  6 

53 

367 

57 

369 

369 

801 

3201 

. do* . 

54  26.  0 

54 

368 

57 

370 

370 

804 

3361 

. do* . 

58  25. 1 

54 

369 

55 

371 

East  bluff  north  branch  of  Milk 

River,  astronomical  station. 

371 

807 

6209 

113  02  50.8 

51 

370 

55 

372 

On  Milk  River  Ridge. 

372 

111 

2846 

. do* . . 

07  34.  3 

51 

371 

55 

373 

In  valley. 

373 

815 

0319 

12  26.  0 

51 

372 

55 

374 

On  high  ridge. 

371 

817 

7258 

. do* . 

16  13.0 

52 

373 

54 

375 

East  oi  Saint  Mary’s  River. 

375 

820 

4680 

. do* . 

19  45.  0 

52 

374 

55 

376 

West  of  Saint  Mary’s  River. 

376 

824 

3946 

. do* . 

24  54.  4 

51 

375 

54 

377 

377 

825 

6138 

Stone,  12'  x  6'*t . - 

26  35.  3 

52 

376 

45 

378 

Rooky  Mountain  astronomical  sta- 

tion,  near  lake. 

378 

828 

6483 

Stone,  10'  x  6'*t . . 

30  36. 2 

42 

377 

45 

379 

379 

831 

2653 

. do* . . . 

33  59.  9 

42 

378 

46 

380 

380 

836 

3385 

40  39.  0 

41 

379 

Rellv  River  astronomical  station. 

381 

846 

0240 

12' x  6'* . 

53  19.6 

Chief  Mountain  Lake  astronomical 

station. 

382 

853 

2529 

7'  x  6' . 

114  02  56.  5 

Summit  of  Rocky  Mountains. 

*  Indicates  that  an  iron  tablet  was  buried  2  feet  deep  and  10  feet  east  of  the  monument ;  and  t  indicates  that  an  iron  tablet 
was  buried  also  in  the  center  of  the  monument. 
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D.  It.  CAMERON, 

Major  It.  A.,  Her  Britannic  Majesty's  Commissioner ,  May  29, 1870. 

W.  J.  TWINING, 

Captain  of  Engineers ,  United  States  Chief  Astronomer. 
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Captain  lloy at  Engineers ,  British  Chief  Astronomer. 
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Washington,  D.  C.,  February  14,  1877. 

Sir:  I  have  the  honor  to  submit  my  final  report  as  chief  astronomer 
and  surveyor  of  the  northern  boundary. 

The  maps  and  records  of  the  commission  have  already  been  fowarded 
to  the  Department,  but  the  text  of  my  own  report  has  been  withheld  on 
account  of  a  delay  in  completing-  some  computations  relating  to  the  decli¬ 
nations  of  the  stars  used.  As  it  now  appears  that  the  work  cannot  be 
finished  before  the  23d  of  the  present  month,  and  as  it  is  desirable  that  the 
records  should  be  completed  at  once,  I  send  my  report  to  you  herewith, 
and  will,  as  soon  as  practicable,  forward  to  the  Department  the  unfinished 
discussion  of  the  standard  places  of  fixed  stars,  as  an  appendix.  As  this 
work  forms  no  part  of  the  record  of  the  commission,  but  was  undertaken  as 
a  matter  of  scientific  interest,  I  can  now  inform  you  that  the  work  of  the 
commission  is  complete. 

The  subreports  of  the  officers,  and  a  complete  index  of  the  records, 
were  sent  to  the  Department  in  July  last. 

In  closing  my  connection  with  the  Northern  Boundary  Commission,  I 
desire  to  express  my  appreciation  of  the  kindly  courtesy  which  you  have 
always  extended  to  me  and  to  the  officers  under  my  command,  and  to  say 
that  it  is  a  source  of  gratification  to  know  that  my  labors  have  met  with 
your  constant  approval. 
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My  thanks  are  due  to  Capt.  J.  F.  Gregory  and  Lieut.  F.  V.  Greene, 
and  to  assistants  Lewis  Boss,  C.  L.  Doolittle,  0.  S.  Wilson,  and  A.  Downing 
for  the  intelligent  and  thorough  manner  in  which  they  have  performed  the 
duties  assigned  to  them.  ***** 

I  am,  very  respectfully,  your  obedient  servant, 

W.  J.  TWINING, 

Captain  of  Engineers,  Chief  Astronomer. 

Archibald  Campbell,  Esq., 

Commissioner  of  the  Northern  Boundary. 


Washington,  February  15,  1877. 

Sir:  In  compliance  with  the  request  of  Major  Twining,  United  States 
Engineers,  I  have  the  honor  to  transmit  herewith  to  the  Department  his 
report  as  chief  astronomer  of  the  late  Northern  Boundary  Commission. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

ARCHIBALD  CAMPBELL, 

Late  Commissioner  Northern  Boundary  Survey. 

Hon.  Hamilton  Fish, 

Secretary  of  State. 
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REPORT. 


CHAPTER  I. 

GENERAL  CHARACTERISTICS  OF  THE  COUNTRY 

Sir:  The  portion  of  the  continent  traversed  by  that  part  of  the  northern 
boundary  of  the  United  States  surveyed  by  this  commission,  has  heretofore 
been  little  known,  by  far  the  larger  part  being  unexplored.  Lying  off  the 
usual  lines  of  travel,  and  presenting  no  inducement  to  commercial  enter¬ 
prise,  there  was  nothing  to  bring  its  actual  value  fairly  to  the  notice  of  the 
general  public,  while  the  rigor  of  the  climate,  the  lack  of  forest,  and  the 
distance  from  railway  communication  effectually  checked  immigration. 

To  the  disadvantages  already  named  may  also  be  added  the  dangers 
of  Indian  warfare  and  the  destructive  incursions  of  grasshoppers.  The 
experience  of  the  British  settlements  along  the  Red  River  of  the  North, 
even  to  Lake  Winnipeg,  extending  through  nearly  seventy  years,  has  been 
one  of  almost  unprecedented  hardship,  degenerating  in  later  times  into  a 
mere  struggle  for  existence.  Cut  off  almost  entirely  from  communication 
with  the  outer  and  progressive  world,  the  forms  of  civilized  life  finally  gave 
way,  and  were  superseded  by  the  manners  of  a  nomadic  semi-barbarous 
people,  though,  even  in  this  stage  of  decay,  the  natural  politeness  of  a 
French  ancestry  and  the  teachings  of  a  few  pious  priests  of  the  Catholic 
Church  had  left  their  impress  on  the  succeeding  generations. 

The  peculiar  isolation  of  the  distant  regions  lying  about  the  Lakes 
Winnipeg  and  Manitoba,  and  the  territory  drained  by  the  rivers  emptying 
into  these  vast  bodies  of  water,  is  due,  not  simply  to  distance  from  the 
centers  of  civilization,  for  their  distance  from  the  settled  portions  of  Canada, 
and  from  the  ocean  communication  by  the  Saint  Lawrence,  is  no  greater, 
and,  in  fact,  is  much  less,  than  that  of  many  of  the  Northwestern  States 
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and  Territories  of  the  United  States  from  their  respective  centers  of  trade 
along  the  eastern  coast.  The  difficulty  lias  been  in  the  singularly  imprac¬ 
ticable  nature  of  the  country,  and  of  the  water-routes  lying  to  the  north¬ 
west  of  Lake  Superior.  This  region  of  swamps  and  sterile  pine-lands  has 
opposed  an  effectual  barrier  to  communication  toward  the  Canadas,  and 
has  forced  the  traffic  of  these  remote  settlements  to  find  an  outlet  through 
Minnesota,  and  thence  to  the  seaboard. 

Within  the  last  few  years,  the  rapid  growth  of  the  great  States  of  the 
Northwest  has  given  an  impulse  to  the  more  distant  Territories  beyond,  so 
that  now  the  lines  of  settlement  are  stretching  out,  up  the  rich  valley  of 
the  Red  River,  and  rapidly  extending  to  the  west,  along  the  smaller  streams 
flowing  into  that  water-course.  Thus  a  better  knowledge  of  the  resources 
of  the  great  Northwest  has  been  obtained  through  the  slow  progress  of 
actual  settlement. 

The  survey  of  the  northern  boundary,  from  the  Lake  of  the  Woods  to 
the  Rocky  Mountains,  by  giving  the  results  of  careful  examination  along  a 
continuous  line,  has  already  contributed  largely  to  the  actual  knowledge 
necessary  to  form  a  correct  judgment  in  regard  to  the  resources  and  prob¬ 
able  future  of  a  vast  tract  of  country  which  was,  at  one  time,  classed,  by 
unthinking  and  careless  writers,  as  part  of  the  “Great  American  Desert,” 
and  a  few  years  later  exalted  by  the  same  class  of  authorities  into  some¬ 
thing  little  less  than  a  tropical  paradise. 

It  is  of  vital  importance  to  the  interests  of  the  Northwest  that  the 
question  of  the  fertility  and  general  availability  for  settlement  of  the  region 
east  of  the  Rocky  Mountains,  comprising  the  northern  part  of  Dakota  and 
Montana,  should  be  definitely  settled,  in  order  that  a  just  understanding  of 
the  climatic  conditions  and  other  considerations  may  induce  a  gradual  and 
healthful  immigration.  It  is  useless  to  expect  to  find  repeated  in  these 
high  northern  latitudes  all  the  favorable  conditions  of  soil  and  climate  found 
in  the  Middle  States.  On  the  other  hand,  it  is  not  well  to  exaggerate  the 
excellence  of  the  special  productions  of  the  northern  lands,  since  the  actual 
facts  are  sufficient  to  warrant  their  settlement  and  cultivation. 

The  great  agricultural  bonanza  of  America  was  found  in  the  valley  of 
the  Mississippi,  occupied  by  the  Middle  Western  States.  No  other  portion 
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of  the  continent  can  unite  the  various  advantages  possessed  by  those  broad 
and  fertile  plains,  since  in  no  other  part  may  we  expect  to  find  the  richness 
of  soil  favored  by  the  climate  necessary  to  a  widely- varied  production.  In 
the  extreme  Northwest,  we  may,  however,  reasonably  expect  to  find  that 
certain  specialties  in  agriculture  will  well  repay  the  labor  of  cultivation. 
Thus,  the  test  of  actual  settlement  has  proved  the  special  adaptation  of  the 
soil  and  climate  of  the  far  Northwest  to  the  production  of  wheat,  barley, 
oats,  and  the  hardier  sorts  of  vegetables.  In  these  specialties,  the  large 
production  compensates  for  the  lack  of  more  varied  agricultural  resources. 

There  is,  however,  a  limit  to  the  extent  of  the  arable  lands  fixed  by  the 
amount  of  the  annual  rain-fall.  Commencing  with  the  valley  of  the  Red 
River,  where  the  annual  deposition  amounts  to  from  seventeen  to  nineteen 
inches,  the  amount  of  the  rain-fall  decreases,  until  in  longitude  106°  it  will 
scarcely'  exceed  seven  inches.  Here  we  find  a  fact  which  sets  a  limit  to  the 
western  extension  of  the  cultivated  area  of  the  United  States.  The  same 
conditions  of  humidity  found  along  the  northern  boundary  exist  also  in  the 
southern  latitudes,  giving  to  some  places  almost  the  character  of  a  desert, 
although,  on  the  northern  line,  there  is  no  great  area  to  which  that  name 
can  be  properly  applied. 

No  one  can  point  to  a  given  meridian  of  longitude  upon  the  map  of 
those  great  plains,  and  say  that  to  this  line  the  settlements  may  extend. 
The  varying  conditions  of  humidity  from  year  to  year,  or  perhaps  through 
series  of  years,  fix  their  own  limit,  by  the  operation  of  unknown  laws.  The 
western  line  of  the  cultivated  areas  may  therefore,  from  time  to  time,  be 
advanced  or  withdrawn,  as  the  variations  of  the  seasons  may  be  favorable, 
or  unfavorable,  to  production.  Over  the  belt  of  disputed  territory  thus 
established  will  ultimately  be  found  a  straggling  line  of  frontier  occupa¬ 
tion,  clinging  to  a  few  advanced  points,  where  favored  by  the  special  char¬ 
acter  of  the  surroundings.  Such  a  belt  of  territory  will  probably  be  found, 
of  about  one  hundred  miles  in  width,  separating  the  easily-cultivated  from 
the  actually-irreclaimable  lands.  On  the  forty-ninth  parallel,  the  varying 
line  of  settlement  will  probably  be  in  the  vicinity  of  longitude  102°. 
What  the  ultimate  effect  of  tree-planting  on  the  advance  of  the  frontier 
will  be,  cannot  be  predicted.  The  data  are  too  uncertain  to  form  the  basis 
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of  any  reasonable  hypothesis,  and  all  predictions  must  of  necessity  be  mere 
idle  speculation. 

The  principle  of  irrigation  will  here  find  no  extensive  application. 
Under  the  most  favorable  circumstances,  to  irrigate  a  given  area  implies 
that  the  rain-fall  of  a  very  much  larger  area  is  utilized  to  increase  the  pro¬ 
duction  of  the  lesser  portion.  Even  then,  the  conditions  of  climate  must 
be  such  as  to  compensate  for  the  great  labor  and  expense  by  double  crops. 
Thus,  if  twelve  inches  of  water  were  required  for  purposes  of  irrigation, 
the  annual  precipitation  being  only  six  inches,  the  difference  must  be  sup¬ 
plied  from  the  rain-fall  of  surrounding  areas,  and  as  but  a  small  part  of 
this  can  be  saved  or  applied  economically,  it  is  evident  that  the  ratio  of  the 
cultivated  to  the  uncultivated  lands  must  be  exceedingly  small.  In  any 
case,  a  system  of  irrigation  can  only  be  applied  to  the  low-lying  lands  of 
the  valleys  bordering  the  streams.  No  such  condition  of  low  level  lands, 
surrounded  by  elevated  mountains  or  plains,  obtains  in  the  territories  of 
the  Northwest  in  the  vicinity  of  the  boundary.  The  running  streams  are 
few  and  insignificant,  for  the  most  part  ceasing  to  flow  in  summer,  and 
forming  only  a  series  of  stagnant  pools.  The  valleys  are  deep  and  narrow, 
with  constantly- varying  elevations.  The  climate  is  cold,  and  the  season  too 
short  for  more  than  one  crop.  Under  these  circumstances,  it  seems  evident 
that  the  natural  laws  under  whose  operation  this  immense  territory  has 
become  what  it  now  is,  will  scarcely  be  materially  affected  by  the  future 
efforts  of  man. 

A  brief  explanation  of  the  characteristics  of  the  country  will  make 
clear  what  has  been  said,  and  will  serve  to  explain  the  general  scope  of  the 
work  performed  by  the  engineers  of  the  commission. 

Considered  in  a  general  sense,  with  regard  to  level  and  superficial 
character,  the  country  extending  from  the  Lake  of  the  Woods  to  the  Rocky 
Mountains,  in  the  vicinity  of  the  forty-ninth  parallel  of  latitude,  may  be 
divided  into  four  distinct  areas:  1st.  The  region  of  swamps,  forming  the 
summit-level  drained  by  the  Mississippi,  the  Red  River,  and  the  streams 
flowing  north  from  the  Lake  of  the  Woods;  2d.  The  valley  of  the  Red 
River;  3d.  The  prairie  plateau,  extending  from  the  eastern  escarpment  of 
the  Pembina  Mountains  to  the  Coteau  of  the  Missouri;  4th.  The  prairie 
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plateau  from  the  Coteau  of  the  Missouri  to  the  Rocky  Mountains.  This 
latter  division  is  quite  diverse  in  character,  being  intersected  by  the  Coteau 
of  the  Missouri  and  a  narrow  belt  of  the  “mauvaises  terres,”  or  bad  lands 
of  the  south. 

If  considered  with  regard  to  drainage,  the  boundary-line  will  be  found 
to  follow  very  nearly  the  dividing  ridge  of  that  part  of  the  continent.  From 
the  base  of  the  mountains  eastward  as  far  as  the  Milk  River  ridge,  the  small 
streams  flow  to  the  north  into  the  Bow  River,  though  they  take  their  rise 
only  a  few  miles  south  of  the  line.  From  the  Milk  River  ridge  eastward  as 
far  as  the  Coteau,  the  drainage  is  to  the  south,  the  line  following  pretty  nearly 
parallel  to  the  dividing  ridges  of  the  Cypress  Hills  and  the  Woody  Mount¬ 
ain.  From  the  Coteau  to  the  Turtle  Mountain,  the  boundary  lies  in  the 
valley  of  the  Mouse  River,  which,  after  making  a  deep  bend  to  the  south, 
flows  again  to  the  north,  and  empties  into  the  Assiniboine.  East  of  the 
Turtle  Mountain,  the  drainage  is  about  equal  in  both  directions,  though  all 
the  southern  waters  find  their  outlet  again  to  the  north  by  the  Slieyenne 
into  the  Red  River. 

The  streams  between  the  valley  of  the  Red  River  and  the  Rocky  Mount¬ 
ains,  excepting  only  the  mountain-torrents  flowing  to  the  north  into  the  Bow 
River,  and  thence  into  the  Saskatchewan,  are  merely  prairie  streams,  to 
which  the  name  river  is  only  given  by  sufferance.  Many  of  them  are  the 
most  insignificant  of  rivulets,  which,  during  the  melting  of  the  snows  in  the 
early  spring,  may  carry  a  reasonable  volume  of  water,  but  in  the  summer 
consist,  for  the  most  part,  of  a  series  of  pools,  more  or  less  stagnant,  and 
with  no  appreciable  current.  The  Mouse  River  and  the  Milk  River  are  the 
most  considerable  of  those  along  the  northern  boundary,  and  may  be  taken 
as  the  type  of  all  the  prairie  streams  of  Dakota  and  Montana.  Thus,  the 
Mouse  River,  though  having  a  length  of  as  much  as  four  hundred  miles  and 
draining  the  eastern  slope  of  the  Coteau  of  the  Missouri,  from  the  north  of 
Woody  Mountain  to  the  bend  of  the  Missouri  below  Fort  Stevenson,  yet 
carries  an  insignificant  volume  of  water,  being  reduced  to  almost  nothing 
during  August  and  September.  In  like  manner,  the  Milk  River,  rising  near 
the  Rocky  Mountains,  ceases  to  flow  during  the  month  of  August.  As  these 
rivers  are  not  fed  by  springs,  the  lack  of  rain  and  the  rapid  evaporation 
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reduces  the  volume  of  their  flow  in  proportion  to  the  distance  from  their 
sources. 

It  may  be  said,  then,  that  the  boundary-line  intersects  no  stream  of  any 
importance  from  the  Red  River  to  the  Saint  Mary’s;  and  that  this,  in  itself, 
is  suflicient  to  prove  the  very  small  average  rain-fall  over  the  included  area. 

Partly  from  the  same  cause,  doubtless,  the  proportion  of  the  two  Terri¬ 
tories  bordering  upon  the  line  which  is  covered  by  natural  forests,  is  remark¬ 
ably  small.  Along  the  slopes  of  the  Pembina  Mountains,  the  boundary 
cuts  through  a  distance  of  thirteen  miles,  and  on  the  Turtle  Mountain, 
thirty-four  miles  of  a  pretty  nearly  continuous  growth  of  forest.  West  of 
the  Turtle  Mountain,  there  is  no  timber  to  be  found  near  the  line,  except 
along  the  Mouse  River.  The  line  actually  cuts  no  growth  of  trees,  or  even 
bushes  of  any  size,  for  a  distance  of  six  hundred  miles.  In  northeastern 
Dakota,  certain  kinds  of  oak,  aspen,  and  birch  grow  freely  where  protected 
from  prairie-tires,  and  it  is  probable  that  with  such  protection  the  natural 
forests  would  extend  over  a  large  part  of  the  Territory.  Judging  from 
the  growth  along  the  Mouse  River,  it  seems  most  probable  that  the  west¬ 
ern  limit  of  the  extension  of  the  wooded  areas,  either  by  natural  growth  or 
by  artificial  planting,  will  be  in  the  vicinity  of  longitude  102°. 

The  detailed  topography  of  the  country  between  the  Lake  of  the  Woods 
and  the  Rocky  Mountains  is  singularly  lacking  in  points  of  general  interest, 
and  I  have,  therefore,  confined  the  following  description  to  such  matters  as 
are  necessary  to  a  correct  understanding  of  the  astronomical  and  topograph¬ 
ical  work  of  the  commission. 

A  most  complete  and  accurate  account  of  the  geology  and  resources 
of  the  country  in  the  vicinity  of  the  boundary-line  will  be  found  in  the 
report  of  Mr.  Dawson,  the  geologist  accompanying  the  English  expedition, 
which  is  already  published. 

An  admirable  description  of  the  water-communications  from  Lake 
Superior  to  Lake  Winnipeg,  and  of  the  northwest  territory  between  the 
boundary-line  and  the  Saskatchewan  River,  including  an  account  of  the 
Red  River  settlement  and  the  Hudson’s  Bay  Company,  will  be  found  in  the 
report  of  the  Canadian  Exploring  Expeditions,  1857-58:  H.  Y.  Hind, 
London,  1846. 
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THE  LAKE  OF  THE  WOODS. 

The  Lake  of  the  Woods  is  a  name  usually  applied  to  a  group  of  four 
lakes  lying  on  the  northern  boundary  of  the  United  States,  and  nearly  in  a 
right  line  with  Lakes  Superior  and  Winnipeg.  These  four  lakes,  number¬ 
ing  from  the  northwest,  are  the  Lac  Plat,  the  Clear  Water,  the  White  Fish, 
and  the  Lake  of  the  Sand  Hills ;  the  latter,  by  common  usage,  has  adopted 
the  name  Lake  of  the  Woods.  The  official  sanction  to  this  title  was  given 
by  the  commissioners  under  the  sixth  and  seventh  articles  of  the  treaty  of 
Ghent,  in  fixing  the  northwest  point,  and  it  is,  therefore,  useless,  at  this  late 
day,  to  inquire  into  the  extent  and  significance  of  the  original  term.  It  is, 
however,  a  little  difficult  to  understand  the  process  of  reasoning  by  which 
those  commissioners,  while  including  the  Clear  Water  and  the  Lake  of  the 
Sand  Hills  under  the  general  title,  yet  rejected  the  Lac  Plat. 

The  geography  of  the  region  has  never  been  well  known,  and,  even  at 
the  present  time,  the  northern  and  eastern  shores  of  this  lake-system  are 
but  illy  defined.  The  drainage  is  toward  the  north,  by  way  of  the  Winni¬ 
peg  River,  into  Lake  Winnipeg.  The  principal  affluent  is  the  Rainy  River, 
which  enters  from  the  southeast,  though  a  number  of  small  tributaries  are 
received  from  the  south  and  west,  draining  the  swampy  belt  which  borders 
the  lake  in  those  directions.  The  Rainy  River  is  a  stream  of  three  hundred 
yards  in  width,  flowing  with  a  deep,  swift  current.  The  discharge  of  the 
lake  is  by  two  outlets,  with  a  short  series  of  rapids,  into  the  Winnipeg 
River. 

The  boundary-line  enters  the  lake  from  the  Rainy  River,  and,  leaving 
the  various  islands  alternately  to  the  right  and  left,  enters  the  bay  known 
as  the  Northwest  Angle,  at  the  extreme  northern  end  of  which  the  “  most 
northwest  point”  is  located.  The  southeastern  portion  of  the  Lake  of  the 
Sand  Hills,  or,  as  now  known,  the  Lake  of  the  Woods,  therefore,  pertains 
to  the  domain  of  the  United  States.  It  connects  with  the  Clear  Water 
Lake  on  the  north  by  channel- ways  between  numerous  rocky  islands.  The 
islands  cease  a  short  distance  south  of  the  entrance  to  the  Northwest  Angle. 
The  western  and  southern  shores  are  bordered  by  vast  swamps,  the  division 
between  the  swamps  and  the  lake  being  distinctly  marked,  in  some  places, 
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by  small  ridges  of  sand-hills,  but  generally  only  by  narrow  sandy  beaches, 
or  an  accumulation  of  drift-wood  and  brush.  Buffalo  Point  is  quite  an 
open  piece  of  ground,  well  raised  from  the  lake,  and  the  same  is  true  of 
the  shore  where  it  cuts  the  forty-ninth  parallel.  The  forests  are  mostly 
composed  of  small  pines  and  tamaracks,  though  on  the  higher  ground  elm, 
birch,  and  aspen  are  found.  The  waters  of  the  lake  are  shallow,  the  greatest 
depth  found  in  coasting  being  eighteen  feet,  though,  doubtless,  in  some 
parts  the  depth  is  much  greater.  The  width  of  the  lake  being  great  (in 
some  directions  as  much  as  fifty  miles),  the  winds  have  an  uninterrupted 
sweep  over  its  surface.  It  is  thus  liable  to  sudden  and  violent  tempests, 
which  make  navigation  in  small  boats  both  difficult  and  dangerous 

The  vicinity  of  the  Lake  of  the  Woods  is  inhabited  by  a  few  small 
bands  of  Ojibway  or  Chippewa  Indians,  who  subsist  by  trapping,  hunting, 
and  fishing.  Their  lands  are  not  ceded,  and  they  receive  no  annuities. 
Their  locus  is  doubtful,  some  living  within  the  lines  of  the  United  States, 
and  others  on  British  territory.  The  only  present  economical  value  of  the 
Lake  of  the  Woods  is  in  its  being  on  the  line  of  water  and  land  communi¬ 
cation  between  the  eastern  and  western  provinces  of  the  Dominion  of 
Canada. 

The  military  route  called  the  Dawson  Road  has  its  terminus  at  the  North¬ 
west  Angle,  and  though  not  such  a  road  as  ever  to  enter  into  competition 
with  the  easier,  though  less  direct,  routes  toward  the  south,  yet  answers  the 
purpose  for  which  it  was  built,  in  giving  a  line  of  independent  communica¬ 
tion  between  Manitoba  and  the  Canadas.  Great  efforts  have  been  made  by 
the  Dominion  Government  to  utilize  it  for  purposes  of  immigration  and 
general  transit ;  but  I  have  yet  to  see  the  person  who  has  dared  its  discom¬ 
forts  a  second  time.  The  government  supports,  by  subsidy,  two  steamers 
and  several  steam-launches.  The  landing  at  the  Northwest  Angle  is  on 
British  soil,  but  to  reach  it  the  vessels  pass  through  American  waters. 
The  road  for  twelve  miles  from  the  angle  is  continuous  corduroy ;  east  of 
that  the  route  passes  through  a  country  of  sand-ridges,  alternating  with 
swamps,  or  muskegs ,  for  a  distance  of  seventy  miles,  to  Oak  Point.  It  then 
enters  the  valley  of  the  Red  River,  and,  after  crossing  an  almost  continuous 
succession  of  bogs  for  thirty  miles,  reaches  Fort  Garry. 


REPORT  OF  THE  CHIEF  ASTRONOMER. 


Of  the  portion  of  land  belonging  to  the  United  States  cut  off  by  the 
north  and  south  meridian  line,  and  amounting  in  all  to  about  one  hundred 
and  fifty  square  miles,  much  the  greater  part  is  covered  with  a  deep  bog, 
on  which  a  few  scattering  tamaracks  struggle  for  existence.  In  some  local¬ 
ities,  where  the  ground  is  high,  deciduous  trees  predominate,  but,  as  a 
general  rule,  the  forests  are  composed  of  coniferous  trees  of  small  size  and 
little  value. 

The  Lake  of  the  Woods  receives  two  additional  tributaries,  one  from 
the  southwest,  called  the  War  Road  River,  and  another  from  the  west,  called 
Reed  River.  These  streams  are  simply  small  channels  cut  in  the  marshes, 
or  muskegs.  They  drain  a  width  of  marsh  varying  from  eight  to  sixteen 
miles  in  width.  By  the  Reed  River,  the  Indians  are  in  the  habit  of  making 
a  portage  to  the  headwaters  of  the  Roseau  River,  and  thus  reaching  the 
Roseau  Lake.  The  actual  length  of  the  land  portage  is  eight  miles,  but 
this  is  through  a  swamp,  where  the  traveler  sinks  from  one  to  three  feet  into 
the  mud  and  water,  and  may  consider  himself  fortunate  if  he  does  not  once 
or  more  disappear  entirely  beneath  the  surface.  After  reaching  the  north¬ 
eastern  branch  of  the  Roseau,  the  difficulties  of  the  trip  are  over. 

LAKE  ROSEAU. 

Lake  Roseau  is  a  shallow  lake,  about  three  miles  in  greatest  length. 
The  shores  are  lined  with  a  broad  margin  of  tall  grass  and  reeds,  from 
which  the  lake  takes  its  name.  It  is  fed  by  two  tributaries,  the  East 
Roseau  and  the  Pine  River;  the  former  being  composed  of  two  branches, 
one  from  the  north  of  the  boundary  and  the  other  draining  the  broad 
swamps  lying  between  the  Lake  of  the  Woods  and  the  Red  Lake  in  Min¬ 
nesota.  It  discharges  into  the  Roseau  River,  a  tributary  of  the  Red  River 
of  the  North. 

THE  ROSEAU  RIVER. 

This  stream,  after  keeping  a  westerly  course  south  of  the  boundary, 
finally  crosses  at  a  point  thirty-three  miles  east  of  Pembina,  and,  flowing 
for  the  rest  of  its  course  through  Manitoba,  enters  the  Red  River  thirteen 
miles  north  of  the  line.  The  stream  is  used  by  lumbermen  in  floating  out 
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logs  from  the  pineries  near  Lake  Roseau.  It  is  interrupted,  at  one  point, 
by  rocky  rapids,  but,  with  that  exception,  is  a  clear  flowing  stream.  Its 
average  fall  is  not  less  than  two  feet  to  the  mile,  from  which  it  is  quite 
evident  that  it  can  never  be  made  navigable  excepting  above  the  rapids. 
It  is  quite  probable  that,  by  cutting  down  the  rapids  a  few  feet,  the  river 
might  be  made  to  drain,  much  more  thoroughly  than  it  does  now,  the  vast 
region  of  swamps  through  which  it  takes  its  course.  The  first  effect  of 
cutting  down  the  barrier  would  be  to  increase  the  current,  which  would 
again  establish  nearly  the  present  regimen,  but  at  a  lower  level.  Lateral 
channels  would  then  rapidly  form  through  the  soft  material  of  the  marshes, 
and  a  general  system  of  natural  drainage  would  establish  itself,  which  would 
ultimately  render  available  for  settlement  many  hundreds  of  square  miles 
now  covered  by  bogs.  The  greatest  depth  found  in  the  Roseau  Swamp 
was  about  fourteen  feet,  at  which  a  sounding-pole  would  strike  a  hard  clay 
pan.  The  river  flows  through  the  swamp,  and  at  about  the  same  level,  for 
many  miles.  We  may  say,  then,  that  a  gradual  wearing-out  of  the  river- 
channel  to  the  depth  of  ten  feet  would  effect  the  drainage  of  the  greater 
part  of  this  immense  swamp.  This  is  the  process  which  is  now  actually 
going  on,  and  which  will  be  completed,  like  all  the  operations  of  nature, 
slowly  but  none  the  less  surely. 

From  the  levels  given  herewith,  it  will  be  seen  that  the  difference  of 
level  between  the  Red  River  and  the  Lake  of  the  Woods  is  two  hundred 
and  fifty  feet.  Of  this,  the  greatest  rise  takes  place  in  the  first  sixteen  miles 
eastward  from  the  Red  River.  The  total  rise  here  amounts  to  one  hundred 
and  seventy  feet.  This  swamp  region  is,  therefore,  a  summit-level  cut  off 
from  the  Red  River  Valley  by  a  ridge,  through  which  the  Roseau  River, 
the  natural  channel  of  drainage,  breaks  in  a  series  of  abrupt  rapids, 
obstructed  with  bowlders,  but  through  which,  in  course  of  time,  it  will 
wear  a  deep  and  easy  channel.  At  present,  the  whole  of  this  country  must 
remain  uninhabited  and  without  any  special  value. 

THE  RED  RIVER. 

From  the  sixteen-mile  ridge  begins  the  valley  proper  of  the  Red  River 
of  the  North.  Its  characteristics  at  the  boundary-line  are  identically  the 
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same  as  those  at  any  other  point  of  section — a  valley  apparently  perfectly 
level,  but  in  reality  sloping  toward  the  river  quite  rapidly,  intersected  by 
small  running  streams,  which  are  simply  the  lines  of  drainage  of  the  prairies, 
and  which,  therefore,  are  exceedingly  variable  in  the  amount  of  their  dis¬ 
charge.  Along  these  water- courses,  as  well  as  on  the  main  river,  and,  in 
fact,  wherever  protection  from  the  prairie  fires  is  offered,  will  be  found  lines 
of  forest,  mostly  of  whitewood,  but  in  some  cases  of  oak.  The  valley  is 
immensely  fertile,  as  has  been  proved  by  actual  settlement;  the  only  draw¬ 
backs  being  the  long  and  cold  winter,  the  occasional  incursions  of  grass¬ 
hoppers,  and  a  liability  to  heavy  floods. 

These  floods  in  the  lower  valley  were  at  one  time  supposed  by  the 
half-breeds  to  be  caused  by  an  extraordinary  rise  of  the  Missouri  River, 
which,  breaking  through  some  low  point  of  the  Coteau,  poured  an  immense 
volume  of  water  into  the  Mouse  River  near  its  southern  bend,  and  caused 
an  overflow  in  the  lower  Assiniboine  and  Red  Rivers.  This  supposition 
was  speedily  found  to  be  without  basis. 

A  very  simple  explanation  is  found  in  the  tortuous  course  of  the  river, 
and  in  the  fact  that  its  course  is  from  south  to  north.  The  melting  of  the 
snows  on  the  upper  waters  causes  a  sudden  and  violent  rise  before  the 
outlets  are  cleared  of  ice.  The  natural  result  is  an  ice-jam  in  every  sharp 
bend,  which  acts  as  a  dam  to  back  the  waters  over  the  low-lying  lands 
above. 

It  is  said  that  the  river  is  quite  rapidly  widening  its  own  channel. 
But  of  this  I  saw  no  evidence,  beyond  the  ordinary  wash  which  takes 
place  in  all  alluvial  streams  where  there  is  a  constant  cutting  away  of  the 
banks  in  the  bends  of  the  river,  the  material  excavated  being  again  deposited 
below. 

Five  small  steamers  ply  on  the  river  between  Fort  Garry  and  Moor¬ 
head,  which  is  the  station  on  the  Northern  Pacific  Railroad.  All  the  lands 
along  the  river  and  many  of  its  branches  are  already  taken  up,  and  little 
settlements  are  beginning  to  make  their  appearance  at  various  points. 

For  many  years  the  people  of  the  Northwest  have  looked  upon  this 
valley  as  the  great  wheat-field  of  the  world.  It  seems  that  tins  anticipation 
will,  in  time,  be  realized.  The  valley  at  the  forty-ninth  parallel  has  a  width 
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of  about  fifty  miles,  which  I  do  not  think  is  materially  reduced  toward  the 
south.  Taking  this  as  the  uniform  width,  the  entire  area  within  the  domain 
of  the  United  States  can  be  estimated  at  about  10,000  square  miles,  of  which 
the  greater  part  can  be  cultivated. 

The  Dominion  Government  have  displayed  great  activity,  and  pre¬ 
sented  many  inducements  to  immigrants  to  settle  in  the  valley  between 
Pembina  and  Fort  Garry.  Their  lands  have  been  surveyed  nearly  on  the 
same  plan  as  the  public  lands  of  the  United  States.  They  have  offered 
free  transportation  over  the  Dawson  route,  and,  if  it  were  not  for  the  intol¬ 
erable  discomforts  of  the  communication,  would  probably  have  succeeded 
in  attracting  a  very  large  immigration.  As  it  is,  their  efforts  are  by  no 
means  a  failure.  A  large  colony  of  Mennonites,  amounting  to  several 
thousand,  have  taken  up  land  between  Point  Michel  and  the  Pembina 
Mountains.  These  people  apparently  selected  their  homes  on  British  soil, 
because  they  dislike  a  republican  form  of  government.  They  are  industri¬ 
ous,  sober,  and  economical,  and,  although  they  are  destined  to  great  suffer¬ 
ing,  will  doubtless  succeed  in  making  for  themselves  comfortable  homes. 
They  have  to  fear  the  incursion  of  grasshoppers,  which,  if  it  should  befall 
them  in  the  first  years,  would  be  fatal  to  their  enterprise,  and  discourage 
all  future  immigration.  The  long  winters  and  the  scarcity  of  fuel  will  try 
them  severely,  until  they  become  thoroughly  accustomed  to  provide  against 
the  rigors  of  the  climate;  but  this  is  a  difficulty  which  has  been  met  and 
overcome  on  the  prairies  of  Indiana,  Illinois,  and  Iowa,  and  which  will  be 
met  successfully  on  the  plains  of  Northeastern  Dakota  and  Manitoba. 

PEMBINA  MOUNTAIN. 

The  Pembina  Mountain,  which  borders  the  western  edge  of  the  Red 
River  Valley,  is  not  a  mountain  in  the  ordinary  acceptation  of,  the  word, 
but  is  dignified  by  the  title  only  by  comparison  with  the  level  lands  of  the 
region  in  which  it  is  situated.  It  is,  in  reality,  the  sharp  edge  of  the  high 
prairie  plateau  which  extends  westward  to  the  foot  of  the  Coteau  of  the 
Missouri.  The  Pembina  River  breaks  through  the  escarpment  in  a  deep 
gorge,  causing  the  apparent  width  of  the  rough  ground  to  appear  much 
greater  than  it  really  is.  The  eastern  face  of  the  mountain,  though  quite 
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sharp  in  the  vicinity  of  the  boundary,  becomes  much  more  gentle  both  to 
the  north  and  south,  so  that  at  the  distance  of  a  few  miles  it  is  reduced  to  a 
long,  rolling  slope,  at  the  foot  of  which  the  numerous  small  streams  empty¬ 
ing  into  the  Red  River  take  their  rise.  Being  protected  from  prairie-fires, 
the  slopes  are  covered  with  a  very  fair  growth  of  forest,  which  on  the  south 
of  the  line  is  mostly  of  oak  of  small  size.  The  distance  along  the  line,  from 
the  foot  of  the  eastern  slope  to  the  level  of  the  second  prairie  plateau, 
including  the  width  of  the  gorge  of  the  Pembina  River,  is  thirteen  miles. 
From  the  point  thus  reached,  the  level  prairie  extends  westward  to  the  foot 
of  the  Turtle  Mountain,  without  presenting  to  the .  eye  any  special  points 
worthy  of  description. 

TURTLE  MOUNTAIN. 

This  elevation,  which,  like  the  Pembina  Mountain,  is  only  so  called 
by  comparison,  is  an  irregular  mass  of  drift,  rising  at  the  highest  point  to 
not  more  than  500  feet  above  the  general  level.  The  eastern  slope  is 
gentle,  while  the  western  escarpment  is  quite  sharp.  It  is  covered  by  a 
continuous  forest  of  birch,  aspen,  and  oak,  interlaced  with  briers  and  wild- 
pea  vines,  forming  an  almost  impenetrable  thicket.  Many  fine  lakes  were 
found  along  the  line  of  the  boundary,  one  of  which  is  more  than  a  mile  in 
width.  It  was  named  Lake  Farquhar,  out  of  courtesy  to  the  first  chief 
astronomer  of  the  commission.  The  width  of  the  mountain,  from  east  to 
west,  was  found  to  be  thirty-four  miles.  Its  extension  in  the  direction  of 
its  greatest  length,  from  northwest  to  southeast,  is  somewhat  greater.  As 
the  entire  contour  of  the  mountain  was  not  surveyed,  the  exact  proportion 
lying  within  the  limits  of  the  United  States  cannot  be  stated  exactly,  but 
may  be  given  approximately  at  two-thirds  of  the  whole.  The  Indians 
report  that  many  small  prairies  are  found  in  the  southern  part,  and  that  the 
general  surface  is  less  rugged. 

THE  MOUSE  RIVER. 

From  the  western  slope  of  the  Turtle  Mountain  to  the  foot  of  the 
Coteau  the  line  crosses  what  may  be  called  the  valley  of  the  Mouse  River. 
This  stream  rises  to  the  north  of  Woody  Mountain,  and  runs  southeast 
until  it  strikes  the  boundary.  It  then  follows,  nearly  parallel  to  the  line, 
eastward  for  about  seventy  miles,  when,  making  a  bold  sweep  to  the  south- 
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east  for  a  hundred  miles,  it  doubles  back  upon  its  course,  and,  crossing-  the 
line  again  twenty  miles  west  of  Turtle  Mountain,  empties  into  the  Assini- 
boine.  The  distance  across  the  bend  on  the  forty-ninth  parallel  is  only 
fifty  miles.  The  boundary  actually  crosses  this  stream  four  times.  There 
is  a  good  growth  of  forest  along  the  valley  proper  of  the  river,  beginning 
at  the  second  crossing,  and  ending  about  twenty  miles  south  of  the  first 
crossing  west  of  Turtle  Mountain. 

THE  RIVIERE  DES  LACS. 

Sixteen  miles  west  of  the  second  crossing  of  the  Mouse  River,  the  line 
cuts  the  head  of  the  Rivi&re  des  Lacs.  This  singular  stream  heads  far 
within  the  bend  of  the  Mouse  River,  and,  at  first  sight,  impresses  one 
strongly  as  being  an  ancient  bed  of  that  stream.  The  lake  in  which  it 
heads  is  long  and  narrow,  apparently  draining  only  a  very  small  area  of 
flat  prairie.  It  is  undoubtedly  fed  by  springs,  for  the  surface-drainage  is 
totally  inadequate  to  furnish  the  necessary  water-supply.  The  water  itself 
is  foul  with  vegetable  decay,  although  there  is  but  little  of  rank  aquatic 
growth  to  be  seen. 

Three  miles  north  of  the  line,  and  just  at  the  northwest  point  of  this 
singular  lake,  stands  the  prominent  butte  known  as  the  “Hill  of  the  Mur¬ 
dered  Scout.”  So  level  is  the  general  surface  that  the  hill,  although  of 
small  elevation,  is  the  prominent  landmark  for  many  miles.  Looking  from 
its  summit,  the  deep  valley  of  the  Mouse  River,  on  the  north  and  east,  may 
be  distinctly  traced.  Toward  the  south  and  west,  the  Coteau  of  the  Mis¬ 
souri  bounds  the  sight,  forming  apparently  a  steep  and  continuous  barrier. 
This  illusive  appearance  is  merely  the  result  of  distance,  for  on  nearer 
approach,  the  mighty  ridge  becomes  a  series  of  swelling  slopes,  stretching 
out  in  endless  convolutions  to  the  far  horizon 

The  leg-end  from  which  this  isolated  butte  takes  its  name  is  curiouslv 
illustrative  of  the  habits  of  the  nomadic  Indian  tribes.  As  told  me  by  an 
ancient  half-breed,  it  ran  as  follows:  Late  in  the  fall  of  1830,  a  party  of 
Assiniboines,  extending  their  wanderings  far  to  the  east  of  their  own  coun¬ 
try,  camped  on  the  point  of  the  lake  to  the  north  of  the  butte.  One  of 
their  number,  ascending  the  hill  to  watch  the  surrounding  country  for  traces 
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of  hostile  occupation,  discovered  a  camp  of  Sioux  close  under  the  hill  on 
the  south.  Cautiously  approaching  the  crest,  he  came  suddenly  upon  a 
Sioux  warrior  lying  rolled  in  his  buffalo-robe,  and  apparently  overcome 
with  sleep.  Seizing  a  large  fragment  of  granite  rock,  the  Assiniboine 
approached  his  foe  with  stealthy  step.  With  one  vigorous  blow  he  struck 
the  Sioux,  and  fearing  to  have  missed  his  aim,  or  that  it  might  not  have 
been  fatal,  turned  and  ran  from  the  spot.  Looking  back  and  seeing  his 
enemy  quivering  on  the  ground,  he  returned  and  dispatched  him.  In 
memory  of  this  deed,  which,  in  the  scale  of  Indian  glory,  ranks  far  above 
the  honor  of  a  well-contested  fight,  he  dug  in  the  gravelly  soil  the  figure  of 
a  man  lying  at  full  length,  with  outstretched  legs  and  uplifted  arms.  lie 
also  scooped  out  each  of  the  footprints  marking  his  path  as  he  fled.  These 
marks,  though  only  a  few  inches  deep,  were  still  distinctly  visible  when  I 
visited  the  spot  in  the  summer  of  1873,  and  will  probably  remain  for  many 
years.  In  the  hollow  representing  the  head  of  the  murdered  man  there 
was  a  red  granite  stone,  smooth,  oblong  in  shape,  and  about  eight  inches 
in  greatest  diameter,  which  was  said  to  have  been  the  stone  used. 

From  the  Hill  of  the  Murdered  Scout,  the  country  is  a  level  or  gently- 
rolling  prairie  to  the  foot  of  the  Coteau.  Along  the  valley  of  the  Mouse 
Liver,  in  this  interval,  there  are  numerous  outcrops  of  lignite,  for  an  account 
of  which  see  Dawson’s  report,  before  referred  to. 

THE  COTEAU  OF  THE  MISSOURI. 

The  Coteau  of  the  Missouri  is  one  of  the  singular  physical  character¬ 
istics  of  the  region.  It  extends  in  a  direction  from  northwest  to  southeast 
for  many  hundred  miles,  with  a  height  of  from  two  hundred  to  three  hun¬ 
dred  feet.  At  the  line  it  has  a  width  of  forty-five  miles,  though  without  a 
distinct  western  slope.  The  eastern  slope  is  distinctly  visible  for  a  great 
distance,  and  retains  its  apparent  abruptness  of  outline  nearly  to  the  cross¬ 
ing  of  the  Northern  Pacific  Railway,  though  at  that  point  the  rise  is  so 
gradual  as  to  be  almost  imperceptible.  What  its  northern  extension  may 
be  is  not  well  known,  though  it  certainly  extends  beyond  the  Woody 
Mountain.  It  consists  of  a  mass  of  drift,  containing  no  rock  in  place ,  and 
very  similar  in  appearance  to  Turtle  Mountain,  which  is  apparently  one  of 
its  outlyers. 
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From  Turtle  Mountain  to  the  southeast,  there  is  a  series  of  rough  hills 
with  intervals  of  rolling  prairie,  extending  to  Devil’s  Lake,  and  thence  to 
Lake  Jesse,  forming,  with  the  Coteau  of  the  Prairie  on  the  eastern  border 
of  Minnesota,  a  line  of  drift-formation  almost  exactly  parallel,  and  similar 
in  character  to  the  Coteau  of  the  Missouri. 

The  Coteau  forms,  in  the  latitude  of  the  boundary,  pretty  nearly  the 
western  limit  of  the  area  adapted  to  agricultural  purposes,  until  the  fertile 
belt  near  the  Rocky  Mountains  is  reached,  though,  as  a  grazing  country,  the 
limit  may  be  placed  somewhat  farther  to  the  west.  The  surface  of  the 
Coteau  consists  of  an  irregular  collection  of  pointed  hillocks,  growing  more 
and  more  irregular  in  design  and  contour,  until  they  are  merged  in  the  bad 
lands. 

These  bad  lands,  or  “mauvaises  terres,”  as  they  are  termed  by  the 
half-breeds,  set  at  defiance  all  rules  of  topography,  as  well  as  all  adequate 
description.  Lacking  even  the  continuous  lines  of  drainage  on  which  the 
eye  may  rest,  and  which  give  form  and  system  to  an  ordinary  terrain ,  they 
stretch  in  an  endless  and  tiresome  succession  of  arid  and  treeless  hills  and 
ridges,  a  tumultuous  expanse  of  baked  mud.  A  large  part  of  the  country 
from  the  western  edge  of  the  Coteau  to  Frenchman’s  Creek  may  properly 
be  called  “bad  lands.” 

In  this  interval,  the  line  intersects  the  headwaters  of  the  Quaking  Ash, 
the  Little  Rocky,  and  Frenchman’s  Creek,  the  first  being  a  tributary  of  the 
Missouri  and  the  latter  two  of  the  Milk  River.  Where  crossed  by  the  line, 
they  are  all  small  rivulets.  Frenchman’s  Creek,  though  the  largest,  is 
strongly  alkaline. 

WOODY  MOUNTAIN. 

Woody  Mountain,  to  the  northeast  of  the  crossing  of  Frenchman’s 
Creek,  lies  about  twenty  miles  within  the  British  territory.  It  is  a  mass  of 
drift,  rising  in  an  irregular  plateau  to  the  height  of  3,800  feet  above  sea- 
level.  It  is  a  locality  well  known  in  the  Northwest  as  the  winter  rendez¬ 
vous  of  the  half-breed  hunters.  The  cart-trail  from  the  Red  River  settle¬ 
ments  leads  to  Woody  Mountain,  and  thence  to  Fort  N.  J.  Turnay,  a 
trading-post  on  Frenchman’s  Creek,  from  which  point  a  trail  leads  south¬ 
east  to  Fort  Peck,  on  the  Missouri  River. 
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Going  westward  from  Frenchman’s  Creek,  the  boundary  lies  about 
midway  between  the  Milk  River  and  the  Cypress  Hills,  cutting  successively 
the  Cottonwood,  and  the  east  and  west  forks  of  the  former. 

THE  THREE  BUTTES. 

There  are  no  special  points  of  topographical  interest  until  the  Three 
Buttes  are  reached.  These  buttes,  or  “  Sweet  Grass  Hills,”  as  they  are 
called  by  the  half-breeds,  lie  to  the  south  of  the  boundary.  Each  consists 
of  a  clump  of  foot-hills  lying  around  a  central  cone,  which  shoots  up  to  a 
height  of  7,000  feet,  or  more,  above  sea-level.  The  slopes  of  the  principal 
peaks  consist  of  a  mass  of  blocks  of  broken  stone  of  small  size,  which  are 
crossed  and  recrossed  as  closely  as  a  network  of  vines,  by  innumerable 
paths  made  by  the  mountain-sheep.  These  buttes  are  the  center  of  the 
feeding-ground  of  the  great  northern  herd  of  buffaloes. 

This  herd,  which  ranges  from  the  Missouri  River  north  to  the  Sas¬ 
katchewan,  made  its  appearance,  going  south,  about  the  last  of  August. 
The  number  of  animals  is  beyond  all  estimation.  Looking  at  the  front  of 
the  herd  from  an  elevation  of  1,800  feet  above  the  plain,  I  was  unable  to 
*  see  the  end  in  either  direction.  The  half-breeds,  Sioux,  Assiniboines,  Gros 
Ventres  of  the  prairie,  and  Blackfeet,  all  follow  the  outskirts  of  this  herd; 
but,  with  all  their  wasteful  slaughter,  they  make  but  little  impression  upon 
it.  It  is  even  said  by  the  traders  at  Fort  Benton  that  the  number  of  buffa¬ 
loes  is  increasing,  owing  to  the  destruction  of  the  wolves  in  late  years. 

Numerous  small  rivulets  take  their  rise  among  the  foot-hills  surround¬ 
ing  the  buttes,  which,  however,  owing  to  the  rapid  evaporation  during  the 
dry  season,  will  scarcely  flow  more  than  two  or  three  miles  before  they 
entirely  disappear.  It  is  not  uncommon  to  see  one  of  these  little  brooks 
flowing  in  the  early  morning,  but  drying  up  during  the  later  hours  of  the 
day,  and  again  renewing  its  flow  during  the  cool  hours  of  the  night.  It  is 
singular  that  no  timber  of  any  size  is  to  be  found  among  these  mountains; 
the  only  trees  are  a  stunted  pine,  grooving  along  the  upper  slopes. 

The  vicinity  of  the  buttes  is  the  finest  grazing  country  in  the  north 
part  of  Montana,  and,  being  a  rendezvous  for  the  migratory  herds  of  buf- 
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faloes,  it  is,  as  a  natural  consequence,  a  debatable  ground  of  the  Indian 
tribes  in  the  vicinity. 

The  tribes  disputing  this  territory  are  the  Blackfeet,  North  Assiniboines, 
and  the  Gros  Ventres  of  the  prairie,  though  an  occasional  war-party  of 
Sioux  may  be  found,  coming  from  the  direction  of  the  Bear’s  Paw  Mountains. 

Westward  from  the  Three  Buttes  the  general  character  of  the  country 
improves  rapidly.  After  passing  the  North  Fork  of  the  Milk  Biver,  the 
effect  of  the  Rocky  Mountains  on  the  rain-fall  can  be  distinctly  seen  in  the 
increased  growth  of  the  herbage.  The  soil  also  improves,  gradually  but 
very  perceptibly,  up  to  the  very  base  of  the  Rocky  Mountains.  The  strip 
of  land,  of  about  twenty-five  miles  in  width,  lying  close  to  and  including 
the  foot-hills  of  the  mountains,  has  been  very  appropriately  called  the 
“  fertile  belt 

THE  MILK  RIVER  RIDGE. 

The  Milk  River  Ridge,  lying  between  the  North  Fork  of  the  Milk 
River  and  the  Saint  Mary’s,  is  the  dividing-line  between  the  waters  flowing 
to  the  Missouri  and  those  emptying  into  the  Saskatchewan.  The  distinc¬ 
tion  between  the  two  systems  is  very  marked.  The  streams  flowing  to 
the  south  and  east,  having  their  sources  in  the  prairie  or  low  down  in  the 
foot-hills,  are  sluggish  in  their  flow,  with  a  more  or  less  alkaline  tendency. 
The  South  Fork  is  particularly  noticeable  for  the  milky  color  of  its  waters, 
which  gives  the  name  of  Milk  River  to  the  stream  into  which  it  flows. 
West  of  the  Milk  River  Ridge,  however,  the  two  rivers  crossed,  namely, 
the  Saint  Mary’s  and  the  Belly  River,  are  both  mountain-streams,  which 
take  their  rise  in  large  lakes  lying  far  up  among  the  rugged  peaks  of  the 
main  divide.  The  Saint  Mary’s,  although  not  more  than  one  hundred  and 
fifty  feet  in  width,  and  having  at  its  summer  stage  a  dej^th  of  about  three 
feet,  would  be  a  difficult  stream  to  cross  in  the  early  spring,  owing  to  its 
swift  current  and  the  rough  masses  of  bowlders  which  form  its  bed.  The 
Belly  River  is  of  less  size  but  similar  in  character. 

TIIE  ROCKY  MOUNTAINS. 

The  main  ridge  of  the  Rocky  Mountains,  into  which  the  line  at  this 
point  enters,  has  a  general  direction  from  northwest  to  southeast.  I  had 
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been  led  to  suppose  that  the  ascent  to  the  summit  was  a  gradual  slope,  and 
was  greatly  surprised  to  find  that  the  rolling  prairie  abutted  sharply  against 
an  impassable  escarpment  of  rocky  precipices.  It  was  found  to  be  impos¬ 
sible  to  carry  a  continuous  line  even  so  far  as  the  crossing  of  the  Belly 
River,  and  the  three  stations  at  this  point,  the  Chief  Mountain  Lake,  and 
the  old  monument  on  the  summit  of  the  main  divide,  are  connected  by 
traverses.  The  last  station  observed  astronomically  was  on  the  west  shore 
of  Chief  Mountain  Lake,  seven  miles  from  the  summit,  and  was  reached  by 
rafting  from  the  north  end  of  the  lake.  The  connection  between  the  two 
final  stations  was  made  by  a  traverse  of  thirty-five  miles,  through  the  South 
Kootanie  Pass.  Chief  Mountain  Lake  has  a  length  of  nine  miles,  and  is 
bordered  so  closely  by  the  precipitous  slopes  of  the  surrounding  mountains 
that  it  is  impossible  to  make  one’s  way  along  the  shore,  even  on  foot. 

The  highest  peak  of  the  Rocky  Mountains  in  the  vicinity  of  the  bound¬ 
ary  is  at  the  southeast  end  of  the  lake,  and  has  an  elevation  above  the  sea- 
level  of  10,400  feet.  The  elevation  of  the  lake  is  about  4,000  feet,  which 
may  also  be  taken  as  the  height  of  the  base  of  the  main  range. 

N  b - 5 


CHAPTER  II. 


GENERAL  NARRATIVE. 

The  field-work  of  the  commission  occupied  a  part  of  the  summer  of 
1872,  and  of  the  two  following  years,  1873  and  1874. 

The  act  of  appropriation  authorizing  the  survey  was  approved  March 
19,  1872,  but  the  field-parties  of  the  joint  commission  did  not  meet  on  the 
line  until  the  1st  of  September.  At  that  time  the  engineer  officers  attached 
to  the  United  States  commission  were  Maj.  F.  U.  Farquhar,  chief  astronomer, 
Capt.  W.  J.  Twining,  Capt.  J.  F.  Gregory,  and  Lieut.  F.  Y.  Greene. 

Under  the  instructions  of  Major  Farquhar,  I  took  charge  of  the  astro¬ 
nomical  parties,  and  Captain  Gregory,  assisted  by  Lieutenant  Greene,  began 
the  survey  of  the.  line. 

The  initial  point  of  the  survey  was  fixed,  by  joint  observation,  at  Pem¬ 
bina,  and  the  following  scheme  was  agreed  upon  by  the  chief  astronomers 
of  the  two  commissions,  and  approved  by  the  commissioners. 

Astronomical  stations  were  to  be  observed  at  approximate  intervals  of 
twenty  miles.  The  points  so  determined  in  latitude  were  to  be  considered 
as  absolute.  The  connection  from  one  station  to  the  next  in  succession, 
was  to  be  made  by  a  tangent-line  to  the  prime  vertical  circle  at  the  first  sta¬ 
tion.  From  the  line  so  traced  and  marked  upon  the  ground,  the  proper 
calculated  offsets  to  the  circle  of  latitude  were  to  be  measured  at  certain 
intervals.  From  the  last  calculated  offset  the  relative  error  of  position  due 
to  observation  and  the  local  deflection  of  the  plumb-line,  was  to  be  deduced, 
and  each  intermediate  point,  already  fixed,  was  to  be  corrected  by  the  proper 
proportional  amount,  depending  upon  its  distance  from  the  initial  point. 

Each  commission  agreed  to  make  a  topographical  survey  of  a  belt  of 
territory  five  miles  wide  on  its  own  side  of  the  line,  and  it  was  agreed  to 
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consolidate  the  topographical  work  of  both  parties  on  a  series  of  maps,  on 
a  scale  of  one  inch  to  two  miles.  It  was  also  finally  agreed  to  plant  iron 
monuments  along  the  southern  border  of  Manitoba,  from  longitude  96°  to 
longitude  99°,  at  intervals  of  one  mile,  and,  west  of  Manitoba,  to  mark  the 
line  by  stone  pyramids  or  otherwise,  at  approximate  intervals  of  three  miles, 
to  the  summit  of  the  Rocky  Mountains. 

Where  forests  were  encountered,  a  clear  cutting  was  to  be  carried 
through.  “The  northwest  point'’  of  the  Lake  of  the  Woods,  as  determined 
by  a  previous  joint  commission,  was  to  be  recovered,  and  a  due-south  line 
was  to  be  surveyed  and  marked  from  that  point  to  the  forty-ninth  parallel, 
or  until  it  cut  the  waters  of  the  lake.  The  several  points  of  agreement 
above  given  were  taken  by  the  chief  astronomers  as  the  basis  of  their  work, 
and  finally  received  the  approval  of  both  commissioners. 

During  the  months  of  September  and  October,  I  observed  one  latitude 
station  on  the  Red  River  and  one  on  the  west  shore  of  the  Lake  of  the 
Woods,  where  it  is  intersected  by  the  parallel  of  49°. 

The  country  being  impassable  between  the  two  points,  it  was  necessary, 
in  order  to  reach  the  latter,  to  go  by  way  of  Fort  Garry,  thence  by  the 
Dawson  Road  to  the  Northwest  Angle,  and  by  small  boats  to  the  parallel.  In 
this  duty  I  was  greatly  delayed  by  accidents  and  the  state  of  the  weather. 
My  orders  were  to  observe  also  at  the  Northwest  Angle,  but  not  to  delay 
beyond  the  7th  of  November.  I  remained  at  the  angle,  after  returning  from 
the  lower  station,  until  that  date,  without  being  able  to  fix  a  station,  on 
account  of  continuous  storms.  I  then  returned  to  Pembina,  which  I  reached 
on  the  14th  of  November,  and  there  received  orders  to  return  to  Saint  Paul. 

In  the  mean  time  Major  Farquhar  and  Captain  Anderson  had  found 
what  were  supposed  to  be  the  remains  of  the  old  monument,  and  after  suffi¬ 
ciently  verifying  its  position,  had  started  the  meridian-line  to  the  south. 
Lieutenant  Greene  had  carried  the  first  tangent  eastward  from  the  Red 
River  thirty-three  miles.  The  English  parties  had  also  observed  one  astro¬ 
nomical  station  east  of  the  Red  River,  in  addition  to  the  joint  stations  at 
Pembina  and  the  Lake  of  the  Woods. 

Owing  to  the  lack  of  funds,  the  parties  of  this  commission  could  not 
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remain  in  the  field  during  the  winter,  but  left  the  uncompleted  line,  between 
the  Red  River  and  the  Lake  of  the  Woods,  for  another  season. 

The  English  commission,  being  barracked  near  Pembina,  were  able  to 
complete  their  astronomical  and  topographical  work,  on  that  part  of  the 
boundary,  during  the  winter. 

The  winter  of  1872-73  was  passed  in  active  preparation  for  the  follow¬ 
ing  season.  The  astronomical  and  topographical  notes  of  the  preceding 
summer  were  worked,  and  the  declinations  of  the  stars  to  be  used  for  lati¬ 
tude  observation  were  prepared,  the  computations  being  made  for  every  fifth 
day,  from  June  1  to  September  30.  The  office  of  the  commission,  during 
this  winter,  was  located  in  Detroit,  Mich. 

In  the  spring  of  1873,  Major  F arquliar  having  been  relieved  from  the 
commission  at  his  own  request,  I  was  appointed  chief  astronomer  and  sur¬ 
veyor.  The  parties  were  organized  in  Saint  Paul,  Minn.,  and  reached  Pem¬ 
bina  on  the  1st  of  June.  Captain  Gregory  was  placed  in  charge  of  an  astro¬ 
nomical  party,  I  taking  one  myself,  and  giving  Lieutenant  Greene  the  gen¬ 
eral  care  of  the  line  and  the  topography.  The  English  being  ready  to  take 
the  field,  there  was  no  delay.  After  observing  jointly  the  stations  at  Point 
Michel  and  the  eastern  base  of  the  Pembina  Mountain,  it  was  thought  best, 
the  methods  being  essentially  the  same,  and  the  results  on  the  four  joint 
determinations  agreeing  very  nearly,  to  carry  forward  the  astronomical  work 
by  alternate  stations.  By  the  methods  adopted  the  line  was  checked  every 
twenty  miles,  a  new  departure  being  made  at  each  astronomical  station. 
The  cutting  in  Pembina  Mountain  was  commenced  on  the  east  by  the 
English,  and  on  the  west  by  the  parties  under  Lieutenant  Greene,  and  the 
station  on  the  summit  of  the  plateau  of  Pembina  Mountain  was,  meanwhile, 
observed  by  Assistant  Boss.  Captain  Gregory,  having  observed  at  the  sta¬ 
tion  at  Long  River,  moved  forward  to  South  Antler  Creek,  while  I  took  the 
station  on  the  west  side  of  Turtle  Mountain. 

During  these  movements  the  United  States  parties  were  accompanied 
by  an  escort  of  two  companies  of  the  Seventh  Cavalry,  and  Capt.  A  A. 
Harbacli’s  company  of  the  Twentieth  Infantry,  all  being  under  the  com¬ 
mand  of  Maj.  Marcus  A.  Reno.  Major  Reno  established  his  depot  at  the 
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second  crossing  of  Mouse  River,  at  which  point  the  main  body  of  the  escort 
was  collected. 

In  Turtle  Mountain  the  first  serious  difficulty  and  delay  was  encoun¬ 
tered.  The  cutting  at  this  point,  which  I  had  supposed  would  not  exceed 
twenty  miles  in  length,  was  found  to  be  thirty-four  miles.  Owing  to  the 
dense  mass  of  small  undergrowth,  the  cutting  was  most  difficult,  as  the 
parties  were  not  prepared  to  meet  so  formidable  an  obstacle. 

Leaving  Lieutenant  Greene  at  Turtle  Mountain,  I  moved  forward 
to  the  Riviere  des  Lacs,  and  observed  the  station  near  that  point,  while 
Captain  Gregory  moved  to  a  station  midway  between  the  third  and  fourth 
crossings  of  the  Mouse  River. 

It  had  been  agreed  between  the  English  chief  astronomer  and  myself, 
at  the  beginning  of  the  summer,  that  we  would  attempt  to  complete  the 
survey  of  the  line  for  the  distance  of  four  hundred  miles,  during  that  sum¬ 
mer.  It  was  now  evident  that  it  could  be  done  with  ease  by  the  astronomi¬ 
cal  parties,  but  that,  owing  to  the  delay  in  Turtle  Mountain,  the  surveyors 
would  have  great  difficulty  in  completing  their  allotted  task.  I  therefore 
sent  Captain  Gregory  forward  to  fix  the  remaining  three  astronomical 
points,  and  established  my  camp  at  the  Wood  End,  near  the  third  crossing 
of  Mouse  River. 

The  river  here  is  no  longer  a  running  stream,  the  water  being  found 
only  in  pools.  The  valley  also  becomes  much  less  distinctly  cut,  while  the 
wood  definitely  ceases.  The  half-breed  road  which  had  so  conveniently 
followed  near  the  line  for  so  great  a  distance,  leads  up  the  valley  of  the 
river,  skirting  the  edge  of  the  Coteau  at  a  respectful  distance,  to  avoid  the 
rough  ground.  It  was  evident  that  it  was  to  be  of  no  more  use  to  us,  as  its 
direction  was  too  much  to  the  north.  The  advanced  party,  therefore,  reluc¬ 
tantly  leaving  the  smooth,  beaten  path  which  had  seemed  like  a  connecting 
link  with  civilized  life,  turned  abruptly  westward,  and  plunged  into  the  hills 
of  the  Coteau.  The  detail  of  the  work  performed  by  this  party,  as  given 
by  Captain  Gregory,  will  be  found  in  his  report,  which  is  transmitted  here¬ 
with.  The  difficulties  encountered,  and  the  sufferings  endured  by  his  party, 
in  the  storm  which  shortly  after  broke  upon  them,  while  among  the  bad 
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lands  west  of  the  Coteau,  I  commend  to  the  consideration  of  those  theorists 
who  have  insisted  on  drawing  an  isothermal  line  of  60°  through  this  region. 

For  some  days  after  the  departure  of  the  working-parties,  the  weather 
remained  clear  and  blight ;  but  on  the  20th  of  September  a  sudden  fall  of 
the  barometer  indicated  an  approaching  storm.  During  the  night  it  broke 
upon  us  in  a  mingled  snow  and  rain,  the  wind  blowing  a  furious  gale  from 
the  northwest.  Throughout  the  day  flocks  of  ducks  and  other  aquatic  birds 
had  been  winging  their  way  towards  the  south,  while  at  night  the  air  was 
filled  with  wild-geese  urging  their  flight  before  the  tempest,  and  piercing 
the  sky  with  harsh  cries  and  the  rushing  of  wings.  My  camp  being  comfort¬ 
ably  located  in  a  deep  valley,  and  covered  from  the  violence  of  the  wind 
by  a  dense  grove  of  trees,  I  was  scarcely  aware  of  the  real  fury  of  the 
storm.  At  the  Wood  End  we  were  apparently  on  the  eastern  edge,  and  the 
snow,  although  falling  continuously  for  several  days,  did  not  lie  heavily 
upon  the  ground.  The  working-parties  in  the  Coteau  caught  its  full  force, 
and  being  on  short  allowance  and  without  the  shelter  of  timber,  suffered 
severely.  The  snow  fell  to  the  depth  of  ten  inches  on  a  level,  while  the 
weather  was  bitterly  cold.  It  is  a  source  of  wonder  to  me  that  the  entire 
train  of  animals  did  not  perish. 

On  the  8th,  Captain  Gregory  returned  with  his  party,  his  animals 
worn  out  and  totally  exhausted  with  fatigue  and  hunger,  they  having  been 
for  three  days  without  forage.  He  reported  having  passed  Lieutenant 
Greene  at  the  three  hundred  and  eighty  mile  point.  That  officer,  though 
much  delayed,  had,  with  his  accustomed  energy,  pushed  his  work  along 
regardless  of  weather,  and  now  reported  that  he  would  be  at  the  depot  on 
the  14  th. 

Our  supplies  being  short,  I  at  once  started  back  to  the  second  crossing 
of  Mouse  River,  reaching  it  by  easy  marches  in  three  days  Leaving  orders 
here  for  Lieutenant  Greene  to  join  me  at  Fort  Totten,  and  to  use  his  own 
discretion  in  regard  to  his  route,  I  at  once  started  directly  across  the  coun¬ 
try.  There  was  a  sufficient  supply  of  provisions,  and  by  eking  out  the 
forage  with  flour  and  hard  bread,  I  was  able  to  make  a  half  ration  of  for¬ 
age.  The  prairie  had  been  burning  in  every  direction  for  several  days,  and 
it  was  evident  that  not  much  grass  could  be  found.  From  previous  expe- 
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rience,  I  felt  certain  that  there  was  no  part  of  that  country  in  which  occa¬ 
sional  pools  of  water  could  not  he  found,  and  I  only  feared  that  we  might 
be  caught  in  another  heavy  storm  while  on  the  open  plains.  I  therefore 
directed  the  march  toward  what  I  supposed  to  be  the  head  of  the  Cut  Bank 
Creek,  which  we  reached  after  a  march  of  twenty-four  miles,  having  suf¬ 
fered  much  for  want  of  water.  We  found  it  to  be  a  succession  of  pools, 
and,  by  following  down  along  the  old  half-breed  trail,  crossed  the  Mouse 
River  two  miles  south  of  the  mouth  of  Willow  Creek.  I  hesitated,  here, 
whether  to  follow  south  up  the  Mouse  River  two  days,  and  then  strike  for 
Lake  Gereau,  or  to  take  the  risk  of  crossing  the  open  plain  on  a  direct  course 
for  Devil’s  Lake.  Ascending  one  of  the  sand  hillocks,  and  looking  east,  I 
could  just  distinguish  the  top  of  a  butte  resting  like  a  dark  spot  on  the  dis¬ 
tant  horizon.  This  promised  water,  and  I  therefore  started  for  it  the  next 
morning.  We  passed  at  noon  a  shallow  pond  of  fresh  water,  and  after 
marching  over  a  flat  plain  which  would  be  impassable  for  wagons  in  wet 
weather,  camped  by  a  stinking  pool  in  a  ridge  of  hills  which  appears  to  be 
a  prolongation  of  Turtle  Mountain,  though  separated  from  it  by  a  low  plain 
of  some  width. 

The  prairie  fires,  which  for  some  days  had  been  burning  brightly  in 
every  direction,  had  swept  every  vestige  of  grass  from  these  plains,  except 
in  the  immediate  vicinity  of  the  ponds,  leaving  the  ground  covered  with  a 
light  film  of  ashes.  Our  march  from  this  point  was  most  distressing,  owing 
to  this  cause.  A  strong  east  wind  raised  the  dust  and  ashes  in  clouds,  filling 
the  eyes,  nose,  and  mouth  with  an  irritating  alkali,  which  bit  and  smarted 
with  undying  zeal 

We  reached  Fort  Totten  on  the  20tli  October,  the  only  notable  camp 
being  that  on  the  Hurricane  Lake.  This  lake,  of  which  I  had  never  heard 
before,  although  tolerably  familiar  with  that  part  of  the  country,  is  a  beau¬ 
tiful  sheet  of  water,  perhaps  a  mile  in  width.  The  north  and  west  banks 
are  covered  by  a  heavy  forest.  In  the  lake  is  a  large  island,  partly  tim¬ 
bered  and  partly  prairie,  connected  with  the  north  shore  by  a  swampy  penin¬ 
sula  which  is  impassable,  even  on  foot.  The  water  is  green  and  clear,  and  a 
perfect  delight  to  the  traveler  wearied  and  disgusted  with  the'usual  alkaline 
or  offensive  fresh  waters  of  the  plains.  I  think  this  lake  is  the  head  of  the 
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north  branch  of  the  big  Couffi,  which  empties  into  the  Slieyenne,  and  am 
quite  certain  that  it  had  never  before  been  visited  by  white  men. 

Lieutenant  Greene  arrived  on  the  22d  with  his  party.  He  had  fol¬ 
lowed  down  the  Mouse  River  from  the  second  crossing  until  he  reached  the 
great  bend,  and  then  had  made  a  straight  trail  to  Devil’s  Lake. 

I  had  made  arrangements  at  Pembina  to  complete  the  survey  between 
the  Red  River  and  the  Lake  of  the  Woods  during  the  winter.  A  work  so 
difficult  could  only  be  justified  by  the  fact  that  the  ground  was  utterly  im¬ 
passable  in  summer.  The  freezing  of  the  swamps  would  enable  the  supply- 
train  to  move  east  as  far  as  the  Roseau  Lake.  I  had,  therefore,  caused  hay 
to  be  cut  at  several  points,  and  a  part  of  the  winter  clothing  to  be  prepared. 
Lieutenant  Greene,  being  in  charge  of  the  topographical  work,  took  charge 
of  the  party  detailed.  The  men,  though  they  had  had  a  rather  rough  sum¬ 
mer,  most  of  them,  readily  volunteered  for  the  winter.  Having  detailed  the 
party  to  remain,  and  provided  it  with  the  necessary  transportation,  I  con¬ 
solidated  what  was  left  into  two  parties,  and  on  the  morning  of  the  24th 
took  up  the  march  to  Fort  Seward.  The  weather  was  now  unusually  cold, 
with  heavy  winds  from  the  north  and  constant  snow.  The  ice  on  the  ponds 
was  five  inches  thick.  The  men  suffered  greatly,  as  their  clothing  was 
hardly  suitable  for  such  exposure.  We  arrived  on  the  28th  at  Fort  Seward. 

The  animals  being  worn  down  with  work,  I  left  most  of  the  wagons  in 
store,  retaining  only  enough  to  carry  forage,  and  started  the  herd  to  Saint 
Cloud,  Minn.,  under  charge  of  the  quartermaster’s  clerk,  with  a  sufficient 
number  of  herders.  The  remaining  men  were  sent  by  rail  to  Saint  Paul, 
where  they  were  discharged. 

The  office  was  still  retained  at  Detroit,  but,  the  topographers  being  in 
the  field,  no  work  could  be  done  on  the  maps.  The  computers  at  once 
began  preparation  of  the  ephemeris  for  the  ensuing  year.  In  this  epliem- 
eris  the  apparent  places  of  the  stars  to  bo  used  were  computed  for  every 
fifth  day.  This  work  being  done  in  the  office  saved  many  vexatious  delays 
in  the  field,  and  enabled  me  to  count  with  certainty  on  a  prompt  and  rapid 
movement  of  the  several  parties. 

The  detail  of  the  winter  work  in  the  field,  under  the  charge  of 
Lieutenant  Greene,  will  bo  found  in  his  report.  It  presents  many  points 
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of  interest,  on  account,  of  its  novelty.  Its  difficulties  were  met  with  great 
good  judgment  by  the  officer  in  charge.  Of  this  the  best  proof  is  that 
no  animals  were  lost,  and  none  of  the  men  seriously  frozen,  although 
exposed  for  months  in  the  ordinary  avocations  of  camp  and  field  during 
the  most  severe  weather.  The  capabilities  of  this  region  for  settlement 
are  already  sufficiently  proven  by  practice,  but  the  incidents  of  the  survey 
show  that,  with  proper  forethought  and  preparation,  the  rigors  of  the  winter 
are  little  to  be  dreaded. 

The  field-parties  finished  their  allotted  task,  and  returned  to  Saint 
Paul  on  the  14th  of  March,  where  they  were  discharged. 

Pending  the  passage  of  the  act  of  appropriation  for  the  survey,  work 
was  commenced  on  the  preliminary  maps,  and  all  necessary  preparation 
was  made  for  the  active  field-operations  of  the  ensuing  summer. 

As  the  parties  could  not  be  organized  before  the  passage  of  the  appro¬ 
priation  for  the  following  year,  there  would  only  be  four  months  in  which 
to  reach  the  ground,  complete  the  survey,  and  to  return.  Of  this  time  at 
least  one-half  would  be  occupied  in  travel,  leaving  only  the  short  space  of 
two  months  to  make  the  survey.  I  scarcely  expected  to  accomplish  the 
work  in  this  time,  and  had  made  estimates  looking  toward  a  retreat  by  way 
of  Salt  Lake,  or  for  a  winter’s  march  of  six  weeks  to  Fort  Abercrombie. 
Neither  of  these  alternatives  presented  any  great  attraction,  and  it  is 
perhaps  due,  in  part,  to  this  that  the  survey  was  pushed  along  with  such 
remarkable  rapidity.  All  preparations  had  been  made  to  organize  the 
expedition  The  train  which  had  wintered  at  Saint  Cloud  was  sent,  under 
charge  of  Lieutenant  Ladley,  by  rail  to  Bismarck,  taking  up  on  the  way 
the  wagons  left  at  Fort  Seward. 

I  was  notified  of  the  passage  of  the  appropriation  on  the  5th  of  June, 
and  started  for  Bismarck  with  the  parties  fully  organized,  on  the  Gth. 
Reaching  Bismarck  on  the  8th,  I  found  the  steamer  Fontenelle  waiting, 
but,  contrary  to  the  spirit  of  the  contract  made  at  Saint  Paul,  the  boat  had 
been  loaded  with  two  hundred  tons  of  freight.  This,  with  our  wagons  and 
animals,  crammed  the  steamer  to  its  utmost  capacity,  and  made  a  rapid  trip 
to  Fort  Buford  an  impossibility.  The  river  was  high,  running  with  a  strong 
current,  and  it  was  manifest  that  five  days  was  too  little  time  for  the  boat, 
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loaded  as  it  was,  even  supposing  it  possible  under  any  circumstances,  which 
I  very  much  doubted.  There  was  nothing  else  to  be  done  but  to  resign 
one’s  self  to  a  week  of  utter  weariness  and  discomfort.  In  other  and  more 
civilized  lands  the  word  “steamer”  conveys  an  idea  of  speed,  as  well  as  a 
certain  assurance  of  comfort,  and  at  least  a  semblance  of  the  ways  and 
practices  of  ordinary  life.  But  no  one  in  search  of  the  amenities  need  look 
on  the  deck  of  an  up-river  boat.  The  hull  is  a  shallow  box,  over  which  is 
thrown  a  light  deck  and  small  cabin  supported  on  upright  posts.  The 
machinery  is  rough,  primitive  in  design,  and  constantly  suggestive  of  un¬ 
pleasant  accidents.  The  high-pressure  engines,  exhausting  in  the  open  air, 
thumping  over  the  centers,  with  leaky  cylinders  badly  packed,  or,  as  in  this 
case,  cracked  and  rudely  banded  with  iron,  can  hardly  be  called  reassuring. 
The  light,  thin  upper  works,  burned  in  hundreds  of  holes  by  the  sparks 
which  are  constantly  flying  in  clouds  over  the  deck,  suggest  an  alternative 
scarcely  more  inviting.  As  an  actual  fact,  however,  I  do  not  recollect  ever 
to  have  heard  of  a  single  case  of  accident  by  explosion  of  boilers  or  by  tire 
on  the  Upper  Missouri.  I  am  disposed  to  class  this,  also,  among  the  special 
providences,  rather  than  to  attribute  it  to  any  skill  on  the  part  of  the  build¬ 
ers  or  owners.  Certainly  no  thought  of  anything  so  worthless  as  human 
life  entered  into  their  calculation.  The  power  of  the  machinery  is  appar¬ 
ently  calculated  with  reference  to  down-stream  work  in  a  swift  current,  for, 
by  the  kindliest  estimate  of  its  performance,  I  have  not  been  able  to  figure 
an  up-stream  speed  so  great  as  three  miles  an  hour. 

Owing  to  the  slow  progress  made  by  the  boat,  I  was  obliged  to  land 
the  live  stock  at  the  Tobacco  Garden,  and  herd  it  from  that  point  to  Fort 
Buford,  where  it  arrived  on  the  15th  of  June,  a  few  hours  after  the  boat. 
Five  days  were  consumed  in  shoeing  the  animals  and  making  other  neces¬ 
sary  preparations.  The  escort,  consisting  of  two  companies  of  the  Seventh 
Cavalry  and  five  companies  of  the  Sixth  Infantry,  with  their  train,  was  con¬ 
centrated  here,  under  the  command  of  Major  Marcus  A.  Reno. 

On  the  21st  the  expedition  started  from  Fort  Buford.  Supplies  for  six 
weeks  were  carried  in  the  train,  and  arrangements  had  been  made  to  have 
further  supplies  sent  up  from  Fort  Benton.  On  reaching  the  Big  Muddy  it 
was  found  to  be  impassable,  and  we  were  delayed  a  day  and  a  half  building 
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a  bridge.  Tlie  stream  was  one  hundred  and  twenty  feet  wide  and  five  feet 
deep,  with  a  soft  mud  bottom,  which  made  it  very  difficult  to  set  up  the 
trestles.  On  the  25th  we  reached  the  Quaking  Ash  or  Poplar  River,  where 
the  various  parties  separated.  The  topographical  parties,  under  Lieutenant 
Greene,  escorted  by  three  companies  Sixth  Infantry,  followed  up  this  stream 
to  the  boundary.  The  details  of  their  march  and  subsequent  operations 
will  be  found  in  the  report  of  Lieutenant  Greene. 

Captain  Gregory  continued  with  the  main  party  as  far  as  the  Little 
Rocky,  where  he  branched  off,  accompanied  by  Captain  Bryant,  with  two 
companies,  to  the  northwest,  intending  to  make  his  first  astronomical  station 
to  the  east  of  Frenchman’s  Creek;  but,  becoming  involved  in  the  bad  lands, 
he  was  obliged  to  cross  that  stream  fourteen  miles  below  the  line,  at  Fort 
Turnay,  and  follow  up  the  west  bank. 

I  continued  with  the  remainder  of  the  escort,  which  marched  up  the 
valley  of  the  Milk  River,  passing  Fort  Belknap,  and  finally  established  a 
camp  on  the  Sandy,  a  southern  branch  of  the  Milk  River,  about  forty-five 
miles  from  Fort  Benton.  At  Fort  Belknap  agency  the  mails  were  found, 
and  forwarded  to  the  parties  on  the  line.  The  supplies  from  Fort  Benton 
not  having  arrived,  I  went  to  that  place  on  the  12th  of  July,  and  remained 
until  the  24tli,  at  which  time  the  long-expected  steamer  made  her  appear¬ 
ance,  having  left,  however,  the  main  part  of  her  stores  at  Cow  Island,  one 
hundred  and  twenty  miles  down  the  river.  I  sent  a  train,  under  charge  of 
Lieutenant  Ladley,  to  bring  up  what  forage  was  required;  and  having  sent 
another  supply-train  with  the  necessary  supplies  to  the  Sweet  Grass  Hills, 
I  returned  to  my  camp  on  the  Sandy. 

From  this  camp,  accompanied  by  Major  Reno,  I  marched  to  the  East 
Butte  of  the  Sweet  Grass  Hills,  where  the  escort  had  established  their  per¬ 
manent  camp.  I  there  learned  that  Captain  Gregory’s  camp  was  only  eight 
miles  distant,  though  with  rough  country  between.  I  therefore  sent  my 
train  by  the  trail,  and,  riding  directly  across,  found  Captain  Gregory  camped 
on  a  small  pool  of  water  about  two  miles  south  of  the  line.  Lieutenant 
Greene’s  advance  party  was  reported  to  be  only  a  few  miles  back,  and  the 
supply-train  from  Fort  Benton,  passing  between  the  first  and  second  buttes, 
were  expected  to  reach  the  West  Butte  the  next  day. 
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On  tlie  following  day  I  moved  my  camp  to  the  West  Butte,  and 
encamped  on  a  small  brook  about  one  mile  north  of  the  line,  where  the 
permanent  depot  was  established.  This  depot  was  established  on  the  1st  of 
August.  Captain  Gregory  and  the  advanced  parties  of  Lieutenant  Greene 
were  immediately  supplied,  and  pushed  forward  without  delay.  • 

The  work  advanced  rapidly,  and  at  the  end  of  August  our  line  had 
been  joined  by  traverse  with  that  of  the  old  northwestern  boundary  survey, 
on  the  summit  of  the  Rocky  Mountains,  and  the  survey  was  complete. 

I  then  concentrated  the  parties  at  the  supply  depot  at  the  Sweet  Grass 
Hills,  and  having  detached  Lieutenant  Greene  to  carry  a  meridian  from  the 
line  to  Fort  Shaw,  in  order  to  get  a  telegraphic  connection  for  longitude,  I 
left  the  Sweet  Grass  Hills  with  the  remainder  of  the  men,  the  escort  mean¬ 
while  taking  the  direct  trail  to  Fort  Buford.  I  arrived  at  Fort  Benton 
September  8.  Lieutenant  Greene  joined  me  again,  on  the  11th,  with  his 
party. 

I  had  previously  had  Mackinaw  boats  built  and  in  readiness  for  our 
arrival,  and  on  the  12th  I  started  down  the  Missouri  with  the  entire  party, 
in  six  open  boats.  After  a  voyage  of  eighteen  days  we  arrived  at  Bismarck, 
Dak.,  and  thence,  by  Northern  Pacific  Railroad,  reached  Saint  Paul,  where 
the  parties  were  discharged. 

Thus  in  four  months  the' expedition  completed  a  journey  of  nearly  four 
thousand  miles,  three-fourths  of  which  was  by  land  and  in  open  boats  by 
water,  and  carried  to  completion  the  survey  of  three  hundred  and  fifty-five 
miles  of  the  boundary-line. 

It  will  be  observed,  by  reference  to  the  index  of  the  records  and  maps, 
that  a  large  amount  of  work  has  been  done,  and  much  information  obtained 
by  the  commission,  in  addition  to  merely  defining  the  line  between  the 
United  States  and  the  Dominion  of  Canada.  Besides  the  official  maps,  a 
second  series  has  been  made,  on  a  scale  of  one  inch  to  eight  miles,  on  which 
the  lines  of  exploration  by  the  different  parties  have  been  carefully  located. 

It  will  be  seen  that  a  large  number  of  reconnaissances  have  been  made, 
which,  in  the  aggregate,  give  a  quite  complete  view  of  the  whole  region 
traversed.  This  series  of  maps  also  shows  a  boat-survey  of  the  Missouri 
River  from  Fort  Benton,  Mont.,  to  Bismarck,  Dak.,  made  while  returning 
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from  the  field,  in  October,  1874.  The  latitudes  were  determined  each  day 
when  the  weather  permitted,  while  the  longitudes  depend  on  the  mean  of 
the  determinations  of  six  chronometers.  The  astronomical  points  thus  fixed 
are  considered  as  absolute,  and  the  co-ordinates  of  each  day’s  travel,  given 
by  the  compass  and  estimated  distances,  were  multiplied  by  a  constant  mul¬ 
tiple  to  reduce  them  to  the  astronomical  coordinates.  This  work  was  done 
under  the  direction  of  Lieut.  F.  V.  Greene. 

From  the  barometric  observations  of  the  different  parties,  extending 
through  1872-’73-’74,  a  sufficiently  accurate  profile  has  been  prepared  by 
Captain  Gregory. 

All  the  details  relating  to  the  reconnaissance-maps  and  profile  will  be 
found  in  the  accompanying  reports  of  Captain  Gregory  and  Lieutenant 
Greene. 


CHAPTER  III. 

THE  NORTHWEST  POINT,  LAKE  OF  THE  WOODS. 

Every  one  who  is  at  all  familiar  with  the  geography  of  the  Northwest, 
has  noticed  the  anomalous  shape  of  the  northern  boundary  of  the  United 
States,  at  the  Lake  of  the  Woods.  After  crossing  Lake  Superior,  it  follows 
the  apparent  channel  of  the  water-ways  communicating  with  the  Lake  of 
the  Woods,  and,  reaching  the  northwestern  point  of  that  lake,  drops  sud¬ 
denly  to  the  south,  nearly  half  a  degree,  and  follows  the  forty-ninth  parallel 
of  latitude  to  the  Pacific  coast.  This  curious  configuration  resulted  from  a 
lack  of  geographical  knowledge  at  the  time  when  the  various  treaties 
defining  the  boundary  were  made.  The  most  northwestern  point  of  the 
Lake  of  the  Woods  having  been  fixed  upon  as  one  point  of  the  boundary, 
and  the  forty-ninth  parallel  of  latitude  as  the  line  to  be  followed  thence  to 
the  Rocky  Mountains,  and  the  latitude  of  the  most  northwestern  point  being 
unknown,  the  second  article  of  the  convention  of  London  (October  20, 
1818)  specified  that  the  connection  should  be  made  by  a  line  north  or 
south,  as  the  case  might  be.  Subsequently,  it  being  found  that  the  direc¬ 
tion  was  south,  it  was  so  agreed  upon  and  defined,  in  the  treaty  of  Novem¬ 
ber  10,  1842.  The  latter  treaty  thus  simply  defines,  in  more  definite 
language,  what  had  already  been  promulgated  in  the  treaty  of  1818,  and 
the  latter,  in  turn,  adjusts  certain  difficulties  arising  under  previous  treaties 
(September  3,  1783;  November  19,  1794;  December  24,  1814). 

Thus  we  find  that  the  commissioners,  under  the  sixth  and  seventh  arti¬ 
cles  of  the  treaty  of  Ghent,  fixed  and  marked  the  geographical  position  of 
the  northwestern  point,  and  there  rested  from  their  labors,  leaving  to  sub¬ 
sequent  commissions  the  duty  of  marking  the  line  westward. 

The  recovery  of  this  position  gave  rise  to  much  discussion,  and  at  one 
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time  promised  considerable  trouble.  The  point  being  indicated,  and  defi¬ 
nitely  fixed  by  the  joint  commission  under  the  sixth  and  seventh  articles  of 
the  treaty  of  Ghent,  admitted  of  no  change  of  location  by  the  present  com¬ 
missioners.  Its  description,  by  latitude  and  longitude,  was  not  sufficiently 
accurate  to  determine  its  position,  since  the  methods  employed  were  inade¬ 
quate.  It  became  necessary,  then,  to  examine  the  details  of  the  work  done 
by  the  astronomers  of  the  former  commission,  in  order  to  form  a  fair  judg¬ 
ment  in  regard  to  the  accuracy  of  their  work.  During  the  winter  of  1872-73 
the  necessary  copies  of  the  record  were  obtained,  and  I  was  able  to  deter¬ 
mine,  within  very  narrow  limits,  the  true  position  of  the  monument.  The 
water  of  the  lake  being  much  higher  in  1872  than  when  the  monument  was 
built,  the  site  was  overflowed  to  the  depth  of  several  feet.  The  super¬ 
structure  had  entirely  rotted  away,  being  composed  of  aspen,  and  there 
only  remained  a  few  fragments  of  oak  to  mark  the  spot. 

The  following  letter  to  the  commissioner  gives,  in  detail,  the  technical 
points  of  the  position  taken  by  the  chief  astronomers,  in  regard  to  the 
recovery  of  the  monument : 

United  States  Northern  Boundary  Commission, 

In  the  field ,  Lat.  49°  N.,  Long.  102°  57'  TU.,  October  1,  1873. 

Sir  :  In  your  memorandum  of  September  15,  you  request  my  opinion  in  regard  to 
the  initial  point  of  the  United  States  northern  boundary,  at  the  northwest  point  of  the 
Lake  of  the  Woods,  and  whether  I  consider  the  objection  of  the  English  commissioner 
to  the  point  selected  by  the  English  and  American  chief  astronomers,  as  well  taken, 
and,  finally,  in  case  of  a  difference  of  opinion  between  yourself  and  the  English  com¬ 
missioner,  which  cannot  be  reconciled,  what  means  of  settlement  remain. 

Before  answering  these  interrogatories,  I  beg  leave  to  state  briefly  the  means  used, 
originally,,  to  fix  the  “most  northwest”  point  of  the  Lake  of  the  Woods,  and  the 
method  followed  in  recovering  the  monument  erected  at  that  time. 

I  have  before  me  the  reports  of  Dr.  I.  L.  Tiarks,  astronomer  (November  18,  1825), 
and  David  Thompson,  surveyor  (October,  1824),  who  were  employed  by  the  British 
Government  to  determine  the  northwest  point,  and  whose  reports  were  adopted  at  the 
time  by  the  commissioner  on  the  part  of  the  United  States. 

From  these  reports,  it  appears  that  a  question  arose  between  the  angle  at  the  Rat 
Portage  and  the  northern  point  of  the  bay,  now  known  as  the  Northwest  Angle. 

This  question  was  settled  by  Tiarks  in  favor  of  the  latter,  cn  the  principle  that  the 
northwest  point  was  that  point  at  which,  if  a  line  were  drawn  in  the  plane  of  a  great 
circle,  making  an  angle  of  45°  with  the  meridian,  such  a  line  would  cut  no  other  water 
of  the  lake.  He  therefore  determined  the  relative  position  of  the  two  points  in  ques- 
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tion  by  means  of  their  latitude  and  longitude;  the  latitudes  were  fixed  by  means  of 
the  sextant,  and  the  longitude  by  the  mean  of  several  chronometer  determinations. 

The  point  fixed  as  the  northwest  point  being  in  a  swamp,  its  position  was  given 
by  certain  courses  and  distances  from  a  reference  monument.  The  question  now  is  to 
find  this  monument.  It  is  described  by  Thompson  as  a  “  square  monument  of  logs, 
twelve  feet  high  by  seven  feet  square,  the  lower  part  of  oak,  the  upper  part  of  aspen.” 
Its  latitude  is  given  by  Tiarks  49°  23'  06". 48  north ;  its  longitude,  approximately, 
95°  14'  38"  west  from  Greenwich. 

So  far  as  these  co-ordinates  are  concerned,  for  any  purpose  of  again  finding  the 
point,  the  longitude  may  be  entirely  rejected.  It  appears  to  have  been  determined  by 
two  chronometers,  and  as  the  distance  traveled,  and  the  elapsed  time,  were  great,  it 
may  very  easily  be  wrong  by  ten  miles.  It  is  only  given  by  Tiarks  as  an  approxima¬ 
tion. 

This  is  of  little  consequence,  as  the  location  of  the  northwest  point,  east  and  west, 
is  confined  to  the  narrow  channel  of  the  bay,  which,  at  this  point,  runs  generally  north 
and  south,  and  (the  swamp  included)  has  a  width  of  only  two  hundred  or  three  hun¬ 
dred  feet. 

The  latitude,  then,  and  the  visible  channel  are  the  guides  to  be  followed  in  search¬ 
ing  for  the  ancient  monument. 

From  the  report  of  Tiarks,  I  find  that  the  latitude  of  the  monument,  that  being 
the  point  at  which  he  observed,  was  determined  by  three  series  of  circum-meridian 
altitudes  of  the  sun.  The  results,  and  number  of  observations  in  each,  were  as  given 
below,  viz: 

Latitudes.  Number  of  observations. 


49°  23'  02".  37 
49°  23'  03".  60 
49°  23'  09".  24 


9 

15 

29 


The  true  mean  latitude  from  these  observations  is  49°  23/  05"  07,  but  the  latitude, 
combining  according  to  the  number  of  the  observations  in  each  series,  is  49°  23'  06".48, 
which  is  the  result  Tiarks  adopted.  This  method  of  weighting  the  observations  should 
not  have  been  used,  as  there  is  always  a  constant  error  in  such  series,  due  to  the  cor¬ 
rection  for  index-error,  and,  in  this  case,  a  small  additional  inaccuracy  arising  from  the 
fact  that  no  barometric  correction  was  applied  to  the  refraction.  These  errors  are, 
however,  of  comparatively  little  consequence,  and  their  sum  would  probably  not  ex¬ 
ceed  four  seconds  of  arc. 

There  remains  a  greater  defect,  arising  from  the  unknown  eccentricity  of  the  sex¬ 
tant  used.  This  Tiarks  himself  recognized,  but,  as  he  was  more  especially  concerned 
in  getting  the  relative  latitude  of  two  points  within  half  a  degree  of  each  other,  he 
took  no  means  to  eliminate  the  resulting  error,  which  he  regarded  as  being  common  to 
both  stations. 

This  oversight  is  fatal  when  it  becomes  a  question  of  recovering  the  exact  point  of 
observation,  as  there  may  have  been  an  error  of  eccentricity  on  the  limb  of  the  sex¬ 
tant,  which  wouid  give  an  error  of  a  half  mile  in  the  latitude,  though,  as  the  instru¬ 
ment  was  one  of  very  large  radius  (9"),  and  made  by  a  maker  of  great  reputation 
(Troughtou),  it  is  not  probable  that  the  eccentricity  was  so  great. 
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Leaving  this  point  for  the  present,  I  will  state  the  means  used  to  recover  the  monu¬ 
ment. 

In  the  fall  of  1872,  Major  Farquhar  and  Captain  Anderson,  the  chief  astronomers 
of  the  joint  commission  for  determining  the  boundary,  observed  for  latitude  near  the 
northwest  point  of  the  Lake  of  the  Woods,  and,  guided  by  their  results  and  by  infor¬ 
mation  obtained  from  Indians,  discovered  what  they  agreed  in  supposing  to  be  the 
remains  of  the  monument,  but  in  a  latitude  about  five  hundred  feet  south  of  that  given 
by  Tiarks. 

Its  position  with  reference  to  the  northwest  point  of  the  bay,  as  given  by  the  several 
courses  and  distances,  is  sufficiently  exact. 

The  evidence  appears  tome  to  be  strong  enough  to  warrant  them  in  the  conclusion 
at  which  they  arrived. 

Owing,  however,  to  the  large  possible  error  in  the  determination  of  the  latitude  by 
Tiarks,  and  considering  that  the  northwest  point,  so  determined,  lies  within  what  must 
be  acknowledged  to  be  English  territory,  I  am  of  the  opinion  that  the  English  com¬ 
missioner  may,  without  being  considered  as  acting  in  an  obstructive  manner,  take  the 
ground  that  the  evidence  is  not  conclusive ;  but  in  making  such  objection,  it  is  incum¬ 
bent  on  him  to  suggest  some  other  point,  as  the  “  most  northwestern,”  which  the  shape 
of  the  bay  would  render  possible. 

There  is  another  means  of  reducing  the  uncertainty  of  Tiarks’s  determination  of 
the  latitude,  which  I  respectfully  suggest  for  your  consideration,  in  case  of  a  final  dis¬ 
agreement  between  yourself  and  the  English  commissioner.  It  is  to  take  accurate 
observations  for  latitude  at  the  angle  near  the  Rat  Portage.  That  station  was  marked 
by  Thompson  by  a  monument  in  stone,  six  feet  high  and  four  feet  base,  which  can 
doubtless  still  be  found.  Tiarks  observed  there  in  the  same  manner  as  at  the  north¬ 
west  point.  Hence,  by  finding  the  amount  of  the  error  of  his  work  at  the  Rat  Portage, 
and  applying  the  same  correction  to  his  work  at  the  Northwest  Angle,  the  error  due  to 
the  eccentricity  of  his  sextant  will  be  eliminated,  and  the  uncertainty  of  his  latitude 
will  be  reduced  within  a  very  small  limit. 

If  the  latitude,  so  found,  should  still  indicate  that  the  monument  was  near  the 
point  agreed  upon  by  Major  Farquhar  and  Captain  Anderson,  I  do  not  see  that  any 
further  objection  could  be  made  by  Her  Majesty’s  commissioner  to  an  immediate  settle¬ 
ment  of  the  vexed  question. 

If,  however,  such  objection  should  still  be  made,  the  matter  will  then  have  passed 
beyond  my  province  as  the  chief  astronomer  of  the  commission. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  J.  TWINING, 

Captain  of  Engineers,  Chief  Astronomer  United  States  Northern  Boundary  Commission. 

Archibald  Campbell,  Esq., 

United  States  Commissioner ,  Northern  Boundary. 

While  the  shape  and  general  character  of  the  surroundings  of  the 
Northwest  Angle  of  the  Lake  of  the  Woods,  were  such  as  to  confine  the 
search  to  a  very  small  portion  of  the  bay,  the  scale  of  the  maps  was  too 
small  to  serve  as  a  definite  basis  of  agreement.  A  new  survey  was  there- 
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fore  made  by  an  English  party  already  on  the  ground.  This  survey  was 
subsequently  carried  down  to  the  forty-ninth  parallel,  where  it  was  taken 
up  by  the  parties  under  Lieut.  F.  Y.  Greene,  and  continued  to  the  mouth 
of  the  Rainy  River.  The  work  of  the  English  in  the  vicinity  of  the  North¬ 
west  Point  was  checked  by  Capt.  James  F.  Gregory,  United  States  Engin¬ 
eers.  The  details  will  be  found  in  his  report,  which  is  transmitted  herewith. 

The  position  of  the  Northwest  Point,  as  fixed  by  Capt.  S.  Anderson, 
R.  E.,  and  Maj.  F.  U.  Farquhar,  United  States  Engineers,  during  the  fall 
of  1872,  was  not  finally  agreed  to  by  the  commissioners  until  September, 
1874. 


CHAPTER  IV. 

ASTEONOMICAL  DETERMINATIONS  OF  LATITUDE,  AND  METHODS  OF  SURVEY. 

On  account  of  the  peculiar  nature  of  the  disputes  liable  to  arise  in 
regard  to  an  international  boundary-line,  and  the  acrimony  with  which  such 
controversies  are  usually  prosecuted,  it  has  been  thought  best  to  give,  in  a 
condensed  form,  the  observations  made  by  the  United  States  parties,  and 
the  methods  employed  in  fixing  the  positions  of  the  monuments  which  mark 
the  line. 

An  abstract  of  the  British  tangent-lines  and  mounds  is  added,  in  order 
to  complete  the  record  of  the  connections  between  astronomical  stations. 

Official  copies  of  the  English  astronomical  observations  are  on  file  in 
the  Department  of  State. 

In  obedience  to  the  instructions  of  the  commissioner,  an  official  copy 
of  the  United  States  astronomical  and  geodetic  record  was  transmitted  to 
the  chief  astronomer  of  Her  Majesty’s  commission,  October  14,  1875.  It 
was  accompanied  by  a  descriptive  memoir,  from  which  the  following  expla¬ 
nations  are  taken  : 

Astronomy. — The  astronomical  record  consists  of — 

1st,  The  observations  made  with  the  zenith  telescope  to  determine 
latitude ; 

2d,  Instrumental  constants  ; 

3d,  Abstract  of  chronometer  records  ; 

4th,  Star  catalogues  1872,  ’73,  and  ’74. 

Instruments. — The  instruments  used  in  determining  the  latitude  were 
zenith  telescopes  Nos.  7,  11,  and  20,  Wurdemann.  Nos.  7  and  11  were  of 
25  inches  focal  length.  Both  were  of  small  power,  and  more  or  less  damaged 
by  use.  No.  7  was  used  only  on  three  stations  in  1873  ;  it  being  found  that 
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the  level  was  badly  ground,  and  that  the  instrument  was  loose  on  its  hori¬ 
zontal  axis.  No.  20  was  of  32  inches  focal  length,  with  a  magnifying  power 
of  sixty  diameters.  It  was  found  to  be,  in  every  respect,  a  perfect  instru¬ 
ment. 

The  chronometers  used  were  by  Negus,  of  New  York,  and  Bond,  of 
Boston. 

In  computing  the  latitude  of  any  station,  the  arithmetical  mean  of  all 
the  determinations  was  taken  as  the  true  latitude,  no  weights  being  applied. 
It  is  thought  that  the  accuracy  of  the  computation,  and  the  number  of 
authorities  combined  in  each  declination,  warrant  the  assumption  that  the 
star  places  are  nearly  absolute,  leaving  in  the  determinations  only  the  error 
of  the  observation.  This  view  has  been  found  to  be  correct,  or  nearly  cor¬ 
rect,  by  subsequently  examining  the  residuals  given  by  each  pair  of  stars, 
when  referred  to  the  mean  latitudes  of  a  large  number  of  stations. 

In  order  to  prevent  the  suppression  of  observations,  a  mathematical 
criterion  was  applied.  This,  while  of  doubtful  utility  in  computations  made 
under  the  supervision  of  one  skillful  computer,  I  thought  to  be  desirable  as 
a  number  of  observers  were  engaged  simultaneously,  and  the  computations 
were  to  be  completed,  promptly,  in  the  field. 

The  standard  number  of  observations,  though  varying  with  different 
stations,  was  finally  fixed  at  about  sixty,  it  being  found  that,  with  the  32- 
inch  instrument,  sixty  observations  would  give  a  mean  result  of  which  the 
probable  error  would  be  about  four  feet.  This  probable  error  was  consid¬ 
ered  to  be  very  much  within  the  differences  which  might  arise  from  the 
methods  employed  in  computing  the  declinations  of  the  stars  used,  and  the 
general  errors  incident  to  such  work. 

Instrumental  constants. — The  observations  by  which  the  instrumental 
constants  were  determined,  are  given  in  full.  It  will  be  observed  that  no 
effort  was  made  to  determine  the  run  of  the  micrometers,  nor  the  differ¬ 
ences  due  to  changes  of  temperature.  I  am  of  the  opinion  that  all  such 
corrections  are,  even  under  the  most  favorable  circumstances,  somewhat 
hyj)othetical,  and  therefore  liable  to  introduce  unknown  errors  into  the 
work,  and  that  they  are  rather  matters  of  curiosity  than  of  practical  impor¬ 
tance  in  field-work. 


REPORT  OF  THE  CHIEF  ASTRONOMER. 


87 


The  method  of  determining-  the  mean  places  of  the  stars  used  is  the 
only  part  of  these  computations  which  calls  for  any  special  remark. 

In  the  fall  of  1872,  the  astronomical  party  was  ordered  into  the  field, 
under  my  charge,  without  time  for  careful  preparation. 

The  only  authorities  available  at  the  time  for  computing  the  star  places, 
were  the  Greenwich  Observations  from  1836  to  1867.  The  computations 
for  the  two  stations  observed  in  1872,  depended  entirely  on  these  observa¬ 
tions.  During  the  winter  of  1872-73,  a  careful  and  systematic  examina¬ 
tion  of  the  existing  authorities  was  commenced,  and  the  list  of  stars,  as 
given  for  1873,  was  prepared.  This  work  was  continued  during  the  subse¬ 
quent  winter,  and  the  results  are  given  in  the  star  catalogue  of  1874,  which, 
however,  differs  very  slightly  from  that  of  1873. 

The  principles  which  were  adopted  in  the  discussion  of  these  star- 
places,  were  mainly  derived  from  the  work  of  Argelander,  Bonner  Beobach- 
tungen,  Band  VII. 

Some  few  stars  were  taken  from  the  second  part  of  that  work  without 
modification.  These  are  British  Association  Catalogue  numbers  198,  979, 
4918,  5313,  5502,  6114,  7515,  7377,  8083,  8206,  and  8273.  The  positions 
of  Greenwich  12  year  73,  and  B.  A.  C.  896,  were  taken  from  Part  I.  For 
the  remainder,  the  following  catalogues  and  observations  were  consulted  : 
Bradley,  1755,  B;  Lalande,  Fedorenko,  1790,  Fed;  D’Agelet  (Gould),  1800, 
D’A ;  Lalande,  1800,  L.L ;  Piazzi,  1800,  Pi;  Groombridge,  1810,  Gr ; 
Struve,  1830,  P.  M;  Argelander’s  Abo,  1830,  Abo;  Taylor’s  Madras,  1835, 
T;  Jacob’s  Madras,  1848-1852,  J48,  &c.;  Bessel’s  zones  (Weisse)  (+15° 
to  45°),  1825,  W2  B;  Pond’s  Greenwich,  1830,  Pd;  Airy’s  First  Cambridge 
Catalogue,  1830,  CC;  Rtimker,  1836,  R;  Edinburgh  (Henderson\  1835, 
1844,  Edinburgh  (Smyth),  E35,  &c. ;  Cambridge  (Challis),  1839-1860, 
Ch39,  &c. ;  Armagh  (Robinson),  1840,  Arm;  Bonn  North  Zones,  1842,  O 
A;  Radcliffe  Catalogue  of  6317  stars,  1845,  R  C;  Radcliffe,  1860,  RC2; 
Radcliffe,  later  observations,  186 1-1870,  R  C6,  &c. ;  Bonn,  (Yol.  VI).  1866, 
Arg;  Brussels  (Quetelet),  1859-1866,  Q59,  &c. ;  Konigsberg;  Washington 
(transit  circle),  1867-71,  Wn;  Washington  Catalogue  (mural  circle),  1860, 
Y ;  the  entire  series  of  Greenwich  catalogues  and  observations  since  the 
directorship  of  Airy,  1836-1871,  Ay40,  Ay4:„  Ayco,  Aye0,  AyC4,  Ay6g,  &c. ; 
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Paris  observations,  1856-1867,  P56,  &c.;  Durham,  D;  the  volumes  of  the 
Astronomische  Nachrichten;  Leiden,  1870,  L;  Pulkowa,  1845,  Pul. 

The  dates  after  the  name  of  each  catalogue  refer  to  the  epochs  to  which 
each  was  reduced,  and  the  initials  following  the  date,  the  designation  by 
which  these  catalogues  and  observations  will  be  subsequently  referred  to. 

Systematic  corrections,  as  deduced  by  Argelander,  in  Yol.  VII,  Bonn 
Obs.,  were  applied  to  most  observations  of  a  date  earlier  than  1860.  In 
one  case,  that  of  Yarnall’s  Washington  Catalogue,  a  special  comparison  was 
made  with  W offer’s  Fundamental  List,  in  the  Tabulae.  Reductionum,  which 
is  the  basis  of  Argelander’s  work.  But  this  correction  was  omitted  in  a  few 
of  the  later  reductions. 

Owing  to  the  great  discrepancy  in  the  number  of  observations  on  the 
different  stars,  the  weights  were  adopted  to  suit  each  particular  case — i.  e., 
no  uniform  weight  was  given  to  the  positions  taken  from  any  one  catalogue, 
though  a  general  standard  was  adopted  for  each,  which  was  nearly  as  follows : 
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These  weights  represent  the  degree  of  confidence  in  the  several  author¬ 
ities  when  represented  by  from  three  to  five  observations.  In  a  few  of  the 
later  reductions,  the  weights  were  made  decimal  fractions  in  all  cases,  and 
increased  for  some  of  the  modern  authorities. 

The  ordinary  method  of  combining  the  observations  to  obtain  the  result 
for  1872,  1873,  or  1874,  as  required,  was,  briefly,  as  follows:  The  right 
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ascension  found  in  the  Greenwich  Catalogues,  or,  these  failing,  in  that  of 
the  British  Association,  was  used  to  obtain  the  annual  precession  in  decli¬ 
nation,  the  secular  variation  in  declination  being  taken  directly  from  these 
authorities.  All  observations  in  a  given  case  were  then  reduced  to  the 
required  mean  epoch,  proper  motion  being  always  neglected.  The  result¬ 
ing  corrections  ( k )  to  the  value  of  the  assumed  declination,  the  systematic 
corrections  referred  to  above  having  been  applied,  were  regarded  as  made 
up  of  three  parts:  x,  a  correction  to  the  assumed  declination  at  the  required 
epoch;  ty ,  a  correction  varying  with  the  time,  or,  in  other  words,  the  proper 
motion;  and  v  a  residual  error  of  observation.  Equations  of  condition  were 
accordingly  made  of  the  form  Qc-\-ty — k—  0)  Vjb  in  which  p  denotes  the 
weight.  The  value  of  t  was  usually  taken  to  the  nearest  tenth  of  a  year, 
reckoning  from  the  date  of  observation,  where  that  could  be  ascertained,  to 
the  required  epoch.  These  equations  were  treated  in  the  ordinary  manner. 
But  the  value  of  x  was  usually  derived  from  observations  made  in  1830,  or 
later. 

The  following  example  will  serve  to  illustrate  the  above  explanation: 

B.  A.  C.  67. 

With  the  annual  precession,  +  20".  018,  computed  for  1864  from  the 
A.  R.  found  in  Ay64  (using  Struve’s  constants),  and  the  secular  variation, 
—  0".035,  adopted  from  that  catalogue,  each  set  of  observations  is  reduced 
to  the  required  epoch,  1873.0;  a  systematic  correction  having  first  been  ap¬ 
plied  to  the  declinations  as  given  by  D’A,  L.  L,  Pi,  W2  B,  Arm,  and  Y. 

R  C67,  R  Cc8,  and  R  Cc9  were  combined  so  as  to  form  one  equation. 
Ay69,  Ay69,  and  A y70  were  treated  in  the  same  manner,  the  weights  in  com¬ 
bining  being  strictly  according  to  the  number  of  observations  in  each  year. 
Rejecting  Lalande,  we  have  the  following  conditional  equations  and  weights. 


assumed  d  for  1873  being 

37°  15'  53".0: 

// 

Weig 

B. 

x—  117.0y-7.79  =  0 

4 

D’A. 

88.8  —2.77  =  0 

i 

Pi. 

73.  —4.41=0 

i 

Wo  B. 

x —  48.  — 3.68  =  0 

i 

T. 

.z—  38.  —2.20  =  0 

2 

3 
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Arm. 

x — 
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H 
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X  — 

3.6 
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0 

H 

From  the  above,  result  the  following  normal  equations: 

+  14.8a;—  262%=+  22".18 

— 262.63+14339%=  —  907+92 


from  which, 

55  and  y—  —  ".053 

Using  T  and  the  succeeding  authorities  for  the  value  of  x,  we  obtain 
37°  15'  53//.55,  as  the  S  for  1873.0;  a  result  identical  with  that  derived  from 
the  direct  solution  of  the  normal  equations.  The  following  table  exhibits 
the  reduction,  in  tabular  form.  Column  one  contains  the  designation  of  the 
various  authorities;  column  two,  the  epoch  to  which  each  catalogue  is  found 
reduced;  column  three,  the  mean  epoch  of  observation  (in  the  cases  of  B, 
L.  L,  Pi,  W2  B,  and  T  arbitrarily  assumed);  column  four  contains  the 
declination  as  given  by  the  catalogue  itself.  In  cases  such  as  AyC4  and  L, 
where  the  observations  have  been  reduced  to  the  date  of  the  catalogue,  in 
some  instances  with  proper  motion,  the  seconds  of  S  are  adopted  so  as  to 
correspond  with  the  mean  date  of  observation — i.  e.,  as  they  would  have 
been  had  no  proper  motion. been  applied;  column  five  contains  the  system¬ 
atic  correction  as  derived  from  Vol.  VII,  Part  I,  Bonn  Observations  (Arge- 
lander);  column  six,  the  declination  as  it  results  from  each  authority,  the 
precession  being  applied  to  reduce  it  to  1873.0;  column  seven,  the  number 
of  observations  on  which  each  authority  is  based;  column  eight,  the  final 
value  of  the  declination  for  1873  as  it  is  given  by  each  authority;  column 
nine,  the  residuals  or  the  corrections  which  the  declination  and  proper 
motion  adopted  for  1873.0  give  to  each  catalogue. 
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Catalogiio. 

Epoch,  re¬ 
duction. 

Epoch,  ob¬ 
servation. 

Cat. 
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S  1873.0. 

No. 

obs. 

resulting 
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<5, 1873.0,  37°  15'  n3".55.  An.  prec.,  +  20".014.  p',  -".053.  Sec.  var.,  -".035. 


The  computation  was  generally  carried  to  hundredths  of  a  second  in 
the  details,  but  is  not  rigidly  correct  to  that  place. 

The  stars  comprised  in  the  catalogue  of  1873  and  1874  were  reduced 
as  above,  with  the  exception  of  a  few  declinations  for  1874,  which  were 
treated  in  a  manner  varying  so  slightly  as  not  to  require  special  explanation. 

Connection  of  astronomical  stations. — The  geodetic  record  gives  the  deter¬ 
mination  of  the  azimuths  for  each  tangent,  the  station-errors,  and  the  final 
offsets  to  the  parallel  of  latitude  in  which  the  station- errors  are  distributed. 

These  tangents  were  run  with  an  8-inch  transit-theodolite,  Wurdemann, 
graduated  to  1  O',  reading  by  two  verniers  to  10",  with  illuminated  axes, 
circular  and  striding  level,  the  tangent-screws  working  against  springs, 
which  was  found  to-be  a  serious  defect. 

Azimuths. — The  instrument  was  mounted  in  the  meridian  of  the  astro¬ 
nomical  station,  and  an  approximate  90°  turned  off,  from  any  data  availa¬ 
ble.  On  this  approximate  line,  at  a  distance  of  one  to  three  miles,  a  bull’s- 
eye  lantern  was  placed ;  its  light,  two  inches  in  diameter,  at  a  distance  of 
two  miles,  gave  an  image  equal  to  a  second-magnitude  star.  The  azimuth 
of  this  mark  was  determined  by  observations  on  circumpolar  stars  near 
elongation.  The  stars  most  frequently  used  in  the  early  part  of  the  evening 
in  summer  were  ft  and  y  Cephei  and  Polaris  (eastern  elongation),  and  ft 
and  y 8  U rsae  Minoris  (western  elongation).  Ten  readings  were  taken  on 
each  star,  and  ten  on  the  mark,  five  with  lamp  east  and  five  lamp  west. 
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(simultaneous  time-observations  with  sextant),  and  the  mean  of  the  ten 
constituted  the  result  for  that  star.  The  other  stars  were  taken  in  different 
parts  of  the  arc,  to  eliminate  errors  of  graduation,  and  the  final  mean  was 
the  mean  of  results  by  stars.  Five  stars,  with  fifty  readings,  was  consid¬ 
ered  a  good  determination,  although  three  stars  were  used  when  it  was  not 
practicable  to  get  more  in  one  night.  Treating  all  the  readings  (thirty  to 
fifty  in  number)  by  least  squares,  the  probable  error  of  this  work  ranges 
from  0".8  to  47/.0  at  a  station,  with  a  mean  of  1".8.  The  transit  was  care¬ 
fully  leveled  before  each  pointing  and  the  level  examined  afterward;  if 
deranged,  the  observation  was  rejected. 

Having  thus  determined  the  true  azimuth  of  the  mark,  its  distance 
from  the  transit  was  chained,  and  the  difference  between  the  azimuth  and 
270°  or  90°,  with  this  distance  in  feet,  gave  the  solution  of  a  triangle,  of 
which  the  required  side  was  the  distance,  in  feet,  of  the  mark  from  the 
prime  vertical  sought.  Having  thus  found  the  direction  of  the  tangent,  it 
was  traced  to  the  meridian  of  the  next  astronomical  station  by  means  of  the 
transit,  above  described,  and  two  targets,  the  distance  being  chained  at  the 
same  time. 

Tracing  the  tangent. — Calling  the  point  where  the  transit  stood  during 
the  azimuth  observations  (marked  with  stake  and  pencil-point),  Station  1, 
the  transit  was  carried  to  Station  2,  set  up,  leveled,  and  pointed  at  the 
target,  which  was  over  Station  1.  The  other  target,  in  front,  was  then 
by  signals,  ranged  into  the  line  of  1  and  2,  and  this  gave  Station  3. 
The  transit  was  then  taken  to  3  and  the  rear  target  to  2,  the  front  target 
was  ranged  into  line,  and  gave  Station  4 ;  and  so  on  to  the  next  astro¬ 
nomical  station. 

The  collimation  was  so  adjusted  that  its  error  was  as  small  as  possi¬ 
ble,  and,  to  cut  out  the  remaining  error  from  this  source,  two  sights  were 
taken  at  each  station.  With  clamp  north,  the  telescope  was  pointed  to  the 
back  target,  and  then  revolved  in  the  Vs  to  align  one  point  in  front ;  the 
instrument  was  then  turned  180°  in  azimuth,  which  brought  the  clamp 
south,  resighted  on  the  back  target,  and  another  point  in  front  similarly 
determined.  The  mean  of  the  two  was  taken  as  a  point  of  the  tangent. 
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The  telescope  was  not  reversed  in  the  Ya,  on  account  of  the  dust.  The 
targets  used  are  shown  in  the  accompanying  report  of  Lieut.  Greene. 

The  communication  between  the  front  and  rear  targets  and  the  transit- 
instrument,  was  kept  up  by  means  of  large  flags,  and  the  United  States 
Army  signal  code  of  three  elements.  The  men  were  instructed  in  this,  and 
quickly  learned  it,  but  to  insure  accuracy  each  man  was  provided  with  a 
printed  card  containing  the  alphabet.  A  few  special  signals  were  added. 
By  this  means,  and  by  transporting  the  targets  and  men  in  light  wagons,  as 
much  as  eighteen  miles  of  line  has  been  traced  in  one  day.  The  greatest 
length  of  chaining  in  one  day  was  fifteen  miles.  In  rough  ground  two 
chainings  were  made.  At  the  end  of  the  tangent  a  series  of  azimuth 
observations  was  taken,  similar  to  those  at  the  beginning,  the  transit  being 
placed  over  the  terminal  stake,  and  the  mark  over  the  stake  next  before  it. 
The  average  azimuth-error  in  eighteen  miles  was  20";  when  less  than  this, 
the  tangent  was  considered  correct;  if  over,  it  was  adjusted  in  computing 
the  offsets  for  the  mounds.  The  difference  between  the  computed  offset 
from  the  tangent  to  the  parallel  of  49°,  and  the  measured  distance  to  the 
astronomical  mound,  was  taken  to  be  the  “station-error,”  i.  e.,  the  difference 
between  the  astronomical  and  relative  geodetic  determinations  of  the  two 
stations.  This  was  distributed  between  the  stations  in  direct  proportion  to 
the  distance.  This  made  the  forty-ninth  parallel,  as  marked,  a  line  of  irreg¬ 
ular  curvature. 

Computations. — The  astronomical  station  being  considered  absolute,  the 
offsets  to.  the  mounds  were  computed  by  the  ordinary  formula.  For  con¬ 
venience,  a  table  was  computed  for  latitude  49°,  giving  the  offsets  and  true 
azimuth  for  distances  of  1,000  feet  up  to  200,000.  Between  the  even 
thousands,  the  offset  was  readily  interpolated.  The  final  offset  was,  then, 
the  sum  of  this  computed  offset,  dz  the  proportional  part  of  the  station- 
error,  dz  the  error  of  the  initial  point  north  or  south  of  49°,  dz  the  correc¬ 
tion  due  to  azimuth  error.  A  list  of  these  offsets  and  the  stakes  from  which 
they  were  to  be  measured  was  furnished  to  the  “mound  party,”  who 
followed. 

Topography. — All  topographical  work,  except  some  sketching  along  the 
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tangents,  was  done  with  the  stadia-rod  and  a  6-inch  theodolite.  The  theod¬ 
olites  were  made  by  Wiirdeman,  and  were  similar,  in  nearly  all  particulars, 
to  the  larger  transit  used  on  the  tangent-line.  The  cross-hairs  were  fixed, 
and  the  distance  was  read  by  noting  the  number  of  spaces  covered  on  the 
rod;  the  smallest  space  marked  was  five  feet,  and  the  rod  read  by  estimation 
to  one  foot.  Each  rod  was  graduated  for  its  own  instrument  by  measuring 
with  great  care  1,000  feet,  and  marking  the  points  covered  by  the  extreme 
wires ;  this  distance  was  then  subdivided  and  marked. 

The  rods  read  to  1,500  feet,  and  in  rough,  broken  country  were  found 
more  accurate  than  the  chain,  and  at  all  times  more  expeditious. 

The  angles  were  kept  by  the  method  of  traversing,  or  “keeping  the 
azimuth”;  each  recorded  angle  being  the  angle  of  the  line  of  sight  with  the 
true  meridian,  and  were  counted  from  0°  to  360°.  The  line  always  started 
from  some  stake  on  the  tangent  from  which  the  azimuth  was  taken.  When 
practicable  the  line  was  again  closed  on  the  tangent.  Of  one  thousand  four 
hundred  miles  of  stadia-work,  sixty-nine  lines,  comprising  seven  hundred 
and  fifty  miles,  were  closed,  with  an  average  error  of  2.7  feet  per  1,000  feet 
of  line.  As  much  as  twelve  miles  of  this  sort  of  work,  exclusive  of  side- 
pointings,  has  been  done  in  one  day  by  a  single  party  with  one  theodolite 
and  five  rods.  The  vertical  angle  was  always  read,  .and  gave  an  approx¬ 
imation  to  the  vertical  heights. 

In  the  office,  the  stadia-readings  have  all  been  reduced  to  horizontal 
and  vertical  distances  by  means  of  tables.  From  the  horizontal  distances, 
the  rectangular  co-ordinates  were  computed,  and  these  gave  the  error  of  the 
line,  which  was  distributed  at  each  station,  proportionately  to  the  length  of 
line.  The  adjusted  stations  were  then  plotted  by  co-ordinates. 

In  projecting  the  maps  the  polyconic  method  has  been  adopted.  Each 
sheet  is  projected  with  reference  to  its  own  central  meridian,  and  to  the 
forty-ninth  parallel,  as  determined  at  the  Lake  of  the  Woods,  for  central 
parallel.  The  parallel  actually  marked  in  ink  is  the  approximate  parallel 
traced  on  the  ground. 

The  length  of  1°  of  longitude,  in  latitude  49°,  is  taken  to  be  240,076 


feet. 
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APPENDIX  D. 

SUMMARY  OP  ASTRONOMICAL  STATIONS,  OBSERVED  BY  THE  UNITED  STATES  ASTRO¬ 
NOMICAL  PARTIES. 


a 

3 


1872. 

1 

4 

1873. 

5 

6 

7 

8 

11 

13 

15 

17 

19 

21 

23 

1874. 
25 
27 
29 
31 
33 
35 
37 
40 


Position. 


Lake  of  the  Woods . 

Red  River,  Initial  Point . 

Pointe  Michel,  20  miles  west 
of  Red  River. 

Pembina  Mountains, east  side. 
Pembina  Mountains,  west  side 

Long  River . 

Turtle  Mountain,  west  side  .. 

South  Antler  Creek . 

West  of  Rivibre  des  Lacs, 
237  miles  west  of  Red  River. 

Mouse  River . 

Mid  Coteau . 

Bully  Spring . 

Four  hundred  and  eight  and 
a  half  Mile  Point. 

Frenchman’s  Creek . 

Pool  on  Prairie  . . 

East  Fork,  Milk  River . 

Milk  River  Lakes . 

East  Butte . 

Red  River . 

North  Fork,  Milk  River . 

Chief  Mountain  Lake . 


Observer. 

Number  of  ob¬ 

servations. 

Latitude. 

Probable  error 

of  single  re¬ 

sult. 

Probable  error 

of  final  re¬ 

sult. 

United  States 

numbers. 

Capt.  W.  J.  Twining.. 

84 

o  /  // 

48  59  45.  67 

// 

±0.63 

// 

±0.  07 

2  east. 

104 

48  59  55. 92 

±0. 82 

±0.  08 

1  do. 

_ do . 

GO 

48  59  57. 20 

±0.  42 

±0.  05 

2  west. 

Capt.  J.  F.  Gregory. . . 

74 

49  00  02.  50 

t0. 24 

3  do. 

Assistant  Lewis  Boss 

79 

48  59  51.  55 

±0. 35 

-0.  04 

4  do. 

Capt.  J.  F.  Gregory. .. 

( .'apt.  W.  J.  Twining. . 

82 

48  59  58.  54 

-0.  037 

5  do. 

79 

48  59  53.  76 

-0. 35 

t0. 04 

6  do. 

Capt.  J.  F.  Gregory. . . 

81 

49  01  48.76 

1-0.  828 

t0. 092 

7  do. 

Capt.  W.  J.  Twining.. 

72 

49  01  01.63 

t0.  324 

t0. 038 

8  do. 

Capt.  J.  F.  Gregory. .  1 

80 

48  58  10.29 

t0. 588 

±0. 066 

9  do. 

66 

49  00  44.73 

-0.  457 

±0.  056 

10  do. 

_ do . 

64 

49  01  09. 11 

-0.  408 

±0. 051 

11  do. 

_ do . 

59 

48  59  28. 90 

t0.  359 

±0.  047 

12  do. 

- do . 

68 

48  58  09.10 

±0.  359 

±0.  043 

13  do. 

66 

49  00  02.  95 

±0. 303 

±0.  037 

14  do. 

- do . 

62 

49  00  01.86 

±0.  288 

±0.  036 

15  do. 

75 

48  59  55.  39 

±0.  387 

±0.  045 

16  do. 

60 

48  59  06.  30 

±0.  326 

±0.  042 

17  do. 

60 

49  01  01.  42 

±0. 275 

±0.  035 

18  do. 

62 

48  59  59.  31 

±0.  270 

±0.  034 

19  do. 

....do . 

47 

49  00  04.  00 

±0.  335 

±0.  049 

20  do. 

Note. — The  instrument  used  at  stations  Nos.  6, 13,  and  17  was  Wiirdemann,  No.  11, 25-inch,  having  a 
defective  level,  and  being,  at  station  No.  6,  also  loose  upon  its  horizontal  axis.  No.  6,  being  a  joint  sta¬ 
tion,  was  not  reobserved.  At  stations  Nos.  1  and  4,  Wiirdemann,  No.  7, 25-inch  was  used.  At  all  other 
stations,  the  instrument  used  was  Wiirdemann, No. 20, 32-inch. 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  Station  No.  1. — Initial  point,  2j  miles  north  of  Pemhina,  Dakota.— Observer,  W.  J.  Twining,  Captain  United 
States  Engineers. — Zenith  Telescope,  Wiirdemann  No.  7. — Chronometer,  Negus  Sidereal  No.  1514.] 


B.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Bern  ark  s. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Befrac. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

Oil ! 

/  II 

II 

It 

II 

O  1  // 

6553 

21.041 

40.8 

41.4 

32  18  19.  35 

24.  556 

45.  8 

37.  6 

65  46  09.20 

-2  18. 27 

+1.71 

0.  04 

48  59  57.  67 

Septemhpr  16. 

6728 

19. 873 

44.5 

42.4 

43  25  30.  61 

6748 

24.  727 

39.6 

47.9 

54  40  45.  00 

-3  10.94 

-1.39 

-0. 05 

. 

55.  43 

6780 

22.  505 

44.3 

43.2 

57  43  01.  32 

6817 

22.  647 

40.  4 

47.  4 

40  16  47  94 

+0  05.  59 

-1.39 

0.  00 

58.  83 

6937 

18.  384 

45.2 

44.  4 

36  28  07.  01 

6970 

26.  024 

45.7 

43.9 

61  41  46.  54 

-5  00. 44 

-0.  58 

-0.  09 

. 

55. 67 

* 

7024 

19.  853 

45.0 

44.  4 

61  51  22.63 

7073 

29.  7 

60.  3 

36  01  58  89 

+3  23.  45 

-6.  75 

+0.06 

57.  52 

7215 

19.  844 

51.7 

33.2 

57  07  32.  77 

7217 

28.  688 

34.6 

57.  4 

40  40  47.  91 

+5  47.  90 

-0.  97 

+0.10 

57.  37 

7345 

16.  390 

45.  4 

46.5 

47  08  22. 11 

7448 

28.  042 

53.  4 

39.9 

51  06  43.  70 

-7  38.36 

+2.79 

—  0. 13 

57.  20 

7480 

20.  696 

47. 1 

46.0 

45  58  52.  84 

7489 

22.  758 

50.2 

42.6 

52  03  37.  20 

-1  21.  11 

+1.96 

-0.  02 

55.  85 

7505 

19.  952 

47.8 

44.9 

37  57  55.  90 

7605 

23.  200 

45.  7 

47.  7 

60  06  12  88 

-2  07.  77 

+0.20 

-0.  03 

56.  79 

7636 

19.  223 

47.3 

46.4 

55  36  50. 39 

1679 

27.  602 

38.  7 

55.  0 

42  12  05.  88 

+5  29.  61 

—  3.  46 

+0. 10 

54.  39 

7755 

20.  590 

47.5 

47.  0 

58  47  15.31 

7705 

26.  312 

45.  1 

48.5 

0  32 

39  05  04.37 

+3  44.  85 

-0.  05 

+0. 07 

+.14 

51.25 

7820 

15.  457 

48.  5 

44.9 

48  49  55.  53 

7882 

26.  827 

45.6 

48.  4 

49  24  45.  42 

-7  27.  27 

+0. 18 

-0. 13 

. 

53. 25 

7962 

28. 703 

38.2 

37.2 

41  16  49.17 

8024 

15.215 

41.8 

38.  9 

. 

56  25  18.  59 

4-8  50.  58 

+0.  88 

+0.16 

55.  50 

8206 

29.  075 

36.5 

39.8 

30  37  22.  84 

8273 

16.  400 

36.7 

38.  0 

67  05  54.  89 

+8  18.  60 

—  0.  58 

+0.16 

57.  05 

6553 

21.  633 

40.9 

39.3 

32  18  19.  50 

6586 

25.  045 

32.  1 

48.8 

65  46  09.44 

-2  14.22 

-3.  40 

-0.01 

. 

56.81 

September  18. 

6624 

24.  694 

41.5 

39.9 

40  07  48.  03 

6681 

20.  400 

36.  8 

45.8 

57  46  29.  44 

42  48.  92 

-1.  66 

+0.  05 

. 

56.  04 

6728 

19.  742 

44.0 

38.7 

43  25  30.  85 

6748 

24.  573 

34.  2 

46.  8 

54  40  45.28 

-3  10.01 

—  1.  6G 

-0.05 

56.  31 

6780 

23. 112 

41.3 

42.0 

57  43  01.64 

6617 

23. 219 

40.2 

43.  3 

40  16  48.20 

+0  04.  22 

- 1.  98 

0.00 

57. 16 

6987 

18.  027 

43.7 

40.7 

36  28  07.  30 

6970 

25.  627 

37.6 

47.3 

. 

Cl  41  46.94 

-4  58.  87 

-1.51 

-0.  09 

56.  C5 

7100 

14.  974 

46.0 

40.2 

42  45  39.  20 

7166 

29.  594 

30.  7 

55  33  33.  94 

9  35. 1 1 

—  4.  30 

-0. 17 

56.  99 

7215 

18.  735 

43.6 

42.9 

57  07  33.  17 

7277 

27.  579 

40.5 

46.0 

40  40  48.  37 

+5  47.  90 

-1.21 

+0. 10 

48  59  57.  56 
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Observations  for  Latitude. — Station  No.  1 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Hicrom 

Level. 

Herid. 

dist. 

Microm. 

Level. 

Reirac. 

Red.  to 
rnoi'id. 

N. 

S. 

m.  s. 

O  /  // 

/  // 

II 

II 

u 

O  /  II 

7345 

16.  074 

45.9 

41.  1 

47  08  22.  55 

7448 

27.  674 

39.6 

49.0 

51  06  44.  20 

—7  36.  31 

— 1.  03 

-0.13 

48  59  55.  90 

September  18. 

7480 

20.  658 

43.  4 

44.8 

45  58  53.  30 

7489 

22.  683 

40.6 

47.9 

52  03  37.  70 

—  1  19.66 

— 1.  96 

I 

© 

o 

to 

53.  86 

7505 

21.  264 

44.  5 

44.0 

37  57  56.  32 

7(305 

42. 1 

46.5 

60  06  13.46 

—2  08.28 

-0.  88 

-0.  03 

55.  70 

7636 

18.759 

44.0 

44.3 

55  ?6  50.  98 

7679 

27.  Ill 

42.7 

45.9 

. 

42  12  06. 39 

+5  28.  55 

-0.  79 

+0. 10 

56.  55 

7820 

16. 249 

43.8 

44.6 

1  31 

48  49  56.  09 

7882 

27.  654 

46.6 

42. 1 

49  24  45. 99 

-7  28.  64 

+0.83 

-0.  13 

+1.12 

54.  22 

7962 

29.  236 

43.  4 

44.  8 

41  16  49.  69 

8024 

15.  652 

42.  3 

46.4 

56  25  19.24 

+8  54.  36 

— 1.  24 

+0.16 

57.  75 

8083 

18. 876 

43.  0 

46.4 

56  27  56.  59 

8128 

25. 780 

44.4 

45.0 

. 

41  22  53.  77 

+4  31.  59 

-0.90 

+0.  08 

55.  95 

6728 

19.  967 

40.0 

37.2 

43  25  31.  20 

6748 

24.  902 

38.7 

38.7 

54  40  45.  71 

-3  14. 13- 

+0.  63 

1 

O 

o 

Ot 

. 

54.  90 

September  21. 

7100 

14.  993 

38.4 

39.8 

42  45  39.  71 

7166 

29.  810 

53.  5 

34.8 

35  33  34.  69 

—9  42.84 

+3.  89 

—0.  17 

58.  08 

7215 

18.  790 

39.  4 

39.4 

57  07  33.  77 

7277 

27.  620 

36.  6 

42.  6 

40  40  49.06 

+5  47.  35 

—  1.  35 

+0.10 

57.  51 

7345 

14.  465 

40.8 

38.7 

47  08  23. 20 

7448 

26. 120 

40.7 

39.  7 

51  06  44.93 

-7  38.  48 

+0.  70 

—  0.  13 

56.  15 

7480 

20.  687 

41.  0 

39.6 

45  58  54.  00 

7489 

22.  733 

40.  7 

39.  9 

52  03  38.  47 

-1  20.48 

+0.  40 

-0.  02 

56.  22 

7503 

20. 834 

39.  5 

41.3 

37  57  56.  94 

7605 

24.  236 

45.  0 

36.  7 

60  06  14.  33 

—  2  13.  83 

-1-1.  46 

—0.  03 

53.  23 

7636 

17.  837 

39.7 

41.9 

55  36  51.  81 

7679 

26.  073 

43.  5 

38.  6 

42  12  07.  10 

+5  23.  98 

+0.01 

+0.10 

54.14 

7755 

18.  725 

38.2 

43.7 

58  47  16.  83 

7765 

24.  344 

47.  9 

34.  0 

39  05  05.  55 

+3  41.  04 

+1.  89 

+0.  07 

54.  19 

7787 

19.  274 

40.6 

41.5 

52  01  12.  35 

7800 

22.  918 

44.  2 

38.  0 

45  53  49.52 

+2  23. 35 

+  1.  19 

+0.  03 

55.  50 

7820 

15.  372 

41.3 

41.1 

48  49  56.  93 

7882 

26.  807 

49.  0 

34.  4 

49  24  46.  85 

—  7  29.  82 

+3.  33 

-0. 13 

55.  27 

7962 

31.  073 

42  0 

42.4 

41  16  50.48 

H024 

17.  673 

47.  7 

37.  4 

56  25  20.  21 

+8  47. 12 

+2.  23 

+0.16 

54.  85 

8036 

20. 195 

44.0 

41.4 

49  21  39.  23 

8059 

21.  686 

44.  8 

40.  8 

48  36  10.  78 

+0  58.  65 

+1.48 

+0.  02 

55. 15 

8083 

18. 223 

41.2 

44.7 

56  27  57.  56 

8128 

24.  998 

53.9 

32.4 

41  22  54.  51 

+4  26.51 

+4.05 

+0.  08 

. 

56.  67 

8006 

28.  406 

45.0 

42.0 

30  37  23.  94 

8279 

15  865 

45.  9 

42.  2 

67  05  56. 10 

+8  13.33 

+1.  51 

+0.  16 

55.  32 

8344 

16.  899 

42.2 

46. 1 

60  30  47.  75 

+6  33.  96 

+3.  53 

+• 1 1 

55.  64 

91  035 

40  7 

48.  0 

60  36  15.  82 

-\-3  51.27 

4-2.  77 

-f.  07 

56.  17 

46 

3b  106 

40.2 

48.8 

60  49  29.  73 

-2  44.  90 

+2.47 

-.  05 

. 

56.54 

67 

26.  914 

54.  4 

34.8 

37  15  48.  31 

120 

14.  558 

44.2 

45.0 

32  52  43.  71 

175 

29.  651 

48.0 

40.7 

. 

65  26  52.  04 

-9  53.  72 

+1.  46 

-0. 18 

55.44 

198 

25.  650 

45.0 

43.5 

0  14 

47  35  12.33 

219 

19.276 

39.7 

48.9 

50  16  21.  27 

+4  10.74 

-1.  73 

+  0.07 

+0.  03 

48  59  55.  91 
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UNITED  STATES  NORTI1ERN  BOUNDARY  COMMISSION 


Observations  for  Latitude. — Station  No.  1 — Continued. 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Level. 

Merid. 

dist. 

Microra. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

,  ,■ 

„ 

n 

it 

O  /  It 

12- Yr.  73 

18.211 

42.5 

45.9 

. 

67  05  52.  88 

345 

25. 198 

46.  2 

42.  0 

30  44  49.74 

+4  34.  85 

40.  18 

40.  09 

48  59  56.  43 

September  21. 

6937 

18.  004 

36.6 

35.4 

30  28  08. 24 

6970 

25.  759 

42.2 

39.7 

. 

61  41  48.37 

-5  05.  06 

40.83 

-0.  09 

53. 99 

September  26. 

7024 

19.  328 

37.3 

34.9 

61  51  24. 55 

7073 

24. 182 

40.  9 

31.  6 

36  02  00.  30 

+3  10.  94 

42.  63 

40.  06 

56.  05 

7100 

15. 356 

34.7 

37.5 

42  45  40.  48 

7166 

30.  221 

44.4 

28.0 

. 

55  33  35.  52 

-9  44.75 

43.  06 

-0.  17 

56.14 

7215 

19.  841 

32.7 

39.6 

57  07  34.  84 

7277 

28.  531 

45.  2 

27.  4 

40  40  49.  74 

+5  41.  84 

42.45 

40. 10 

56.  68 

7345 

16.194 

37.5 

34.5 

47  08  24. 17 

7448 

27.  923 

40.3 

32.5 

51  06  46.  04 

-7  41.39 

41.  80 

-0. 13 

. 

55.  38 

7480 

20.  705 

36.2 

37.0 

45  58  55.  06 

7489 

22.  863 

43.  6 

29  7 

52  03  39.  62 

-1  24.  89 

42.  95 

-0.  02 

55.  38 

7505 

20.  525 

35.0 

38.2 

37  57  57.  83 

7605 

23.  907 

45.  8 

28.  0 

60  06  15.  59 

—*2  13.04 

43.  28 

-0.  03 

56.  92 

7636 

21.756 

38.6 

35.  3 

55  36  53. 13 

7679 

29.  935 

42.  2 

31.  7 

42  12  08.  22 

+5  21.  74 

43. 10 

40. 10 

55.  61 

7755 

20.  324 

36.3 

37.  4 

58  47  18.  26 

7765 

25. 878 

44.5 

29.6 

0  35 

39  05  06.  64 

+3  38.  48 

43. 10 

40.  07 

40.  16 

54.  27 

7820 

16.  585 

35.6 

38.3 

48  49  58. 23 

7882 

28. 019 

44.7 

29.6 

49  24  48. 19 

-7  29.78 

42.  79 

-0. 13 

. 

56.  09 

7962 

28.  371 

36.9 

37.4 

41  16  51.71 

8024 

14.  992 

42.  0 

32.  8 

56  25  21.  75 

-1-8  46.30 

41.  96 

40. 16 

55.15 

8036 

21.610 

33.0 

41.6 

49  21  40.64 

2059 

23.  034 

48.  8 

26.  4 

48  36  12.20 

+0  56.  02 

43.10 

40.02 

55.  56 

8083 

18.331 

37.0 

39.3 

56  25  59. 14 

8128 

25.  041 

47.  1 

28.  5 

41  22  55.  87 

-f 4  23.  95 

43.  67 

40.  08 

55. 20 

8206 

28. 103 

31.0 

45.9 

0  30 

30  37  24.  98 

8273 

15.  672 

58.0 

19.2 

67  05  58.  27 

+8  09. 00 

45.38 

40. 16 

40.  11 

56.  28 

8344 

16.  448 

38.2 

39.2 

. 

60  30  49.  45 

-f-6  32. 55 

44.  72 

40.11 

56.  88 

46 

30.  095 

36.  7 

41.  0 

60  49  31.  44 

-2  47.  89 

4-3.  98 

-0.  05 

56.  54 

67 

26.  427 

49.9 

27.9 

37  15  49.  55 

120 

14.  365 

40.3 

37.2 

32  52  44.  83 

175 

29.410 

36.  6 

41.  0 

65  26  53.  81 

-9  51.  83 

-0.  29 

-0. 18 

57.  02 

,198 

25. 959 

36.4 

41.2 

47  35  13.  79 

219 

19.  681 

41.  2 

35.9 

50  16  22.  78 

44  06.  96 

40.ll 

40.  07 

55.42 

239 

27.  838 

39.4 

37.9 

60  25  29. 10 

259 

17.  019 

35.4 

41.9 

37  48  30.  29 

-7  03.23 

-1.12 

-0.12 

. 

55.22 

487 

18.  899 

36.4 

40.6 

47  58  54.  40 

522 

20. 231 

39.5 

37.  5 

50  02  44.  30 

—  0  51  40 

-0.  49 

-0.  02 

56.  44 

6937 

18.  656 

34.6 

29.7 

36  28  08.  36 

6970 

26. 253 

22.  9 

42.0 

61  41  48.55 

-5  58.  85 

-3. 19 

0.  09 

56.32 

September  27. 

7024 

20.  452 

35.  8 

39.9 

61  51  24.72 

7073 

25.  399 

34.0 

42.2 

36  02  00.  42 

43  14.  60 

2.  77 

40.  06 

54.  46 

7215 

19.  966 

36.7 

39.  4 

57  07  35.  06 

7277 

28.  728 

35.5 

40.  5 

40  40  49.  87 

45  44.  67 

-1. 73 

40.10 

55.  50 

7480 

20.  021 

42.9 

33.7 

45  58  55. 27 

7489 

22.  070 

26.  6 

50.  0 

52  03  39.  85 

—  1  20.  60 

3.  19 

-  0.  02 

53.  75 

7820 

15.  091 

39.2 

37.4 

48  49  58.  49 

7882 

26.  414 

32.7 

44.2 

43  24  48.  45 

-7  25.  42 

-2. 18 

-0.  13 

48  59  55.  74 
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Observations  for  Latitude. — Station  ~No.  1 — Continued. 


15.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Miorom. 

Level. 

Merid. 

dist. 

Mlcrom. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m,  s. 

O  /  II 

/  II 

// 

II 

n 

O  /  II 

7962 

28. 171 

39.  4 

37.  5 

41  16  51.95 

8024 

14.  674 

33.2 

44.5 

56  25  22.  C6 

+8  50.94 

-2. 12 

+0.16 

48  01  55.99 

September  27. 

8083 

17.  735 

39.5 

38.2 

56  27  59.  54 

8128 

24.  633 

29.  0 

48.  7 

41  22  56.20 

+4.31.35 

-4.  14 

+0.08 

55. 16 

8206 

29.  036 

40.  5 

37.5 

30  37  25. 18 

8273 

16.  451 

26.  5 

52.0 

67  05  58.  85 

+8  15.06 

-5.  00 

4-0. 16 

5:.  17 

8344 

16.  230 

36.2 

42.2 

60  30  49.  79 

+6  37.  82 

-1.12 

+0.11 

56. 00 

46 

30.  438 

33.  4 

46.0 

60  49  31.  79 

67 

26.  343 

40.2 

39.2 

37  15  49.  80 

-2  41.09 

-2.  61 

-0.  05 

57.  05 

120 

14.  012 

40.0 

39.9 

32  52  45.  06 

175 

29.  012 

36.9 

44.2 

65  26  54. 17 

-9  50.  06 

-1.  62 

-0. 18 

57.  75 

198 

24.  446 

40.6 

40.  7 

47  35  14.09 

219 

18.  092 

36.  3 

50  16  23.  09 

+4  09.  95 

-2.  09 

4-0.  07 

56.  52 

239 

27. 182 

39. 1 

43.0 

60  25  29. 44 

259 

16.  488 

37.  5 

44.  6 

37  48  30.53 

-7  00.07 

-2.  47 

-0.  12 

56.  73 

6624 

24.  673 

39.2 

44.9 

0  21 

40  07  48.  74 

6681 

20.  426 

45.  0 

39.5 

57  46  30.  49 

+2  47.07 

-0.  04 

+0.  05 

+  .  00 

56.  76 

September  28. 

7024 

22.  308 

45.  8 

42.  1 

61  51  24.89 

7073 

27.  246 

40.  0 

48.  0 

36  02  00.  53 

+3  14.25 

-0.  97 

+0.  06 

56.  05 

7100 

15. 769 

45.  6 

42.  4 

42  45  40.  75 

7166 

30. 550 

44.  7 

43.  6 

55  33  35.  87 

-9  41.  45 

4-0.  97 

-0.  17 

57  66 

7215 

19.  232 

44.0 

44.5 

57  07  35.  27 

7277 

27.  961 

45.6 

44.  0 

40  40  50  01 

+5  43. 38 

4-0.  25 

+0.10 

56.  37 

7345 

15.  669 

46.5 

43.4 

47  08  24.  56 

7448 

27.  341 

45.  0 

46.2 

51  06  46.48 

—7  39. 15 

4-0.  43 

—  0. 13 

56.  07 

7480 

20.  699 

43.  9 

45. 8 

45  58  55.  48 . 

7489 

22.  793 

46.  5 

45.3 

52  03  40.  08 

—1  22.  17 

4-0.  29 

-0.  02 

55.  68 

7505 

21.  051 

46.0 

45.8 

37  57  58.  05 

7605 

24.  394 

48.6 

44.6 

60  06  16.  09 

-2  11.54 

+1. 17 

-0.  03 

56.  67 

7636 

13.  253 

44.  4 

47.8 

55  36  53. 64 

7679 

21.654 

32.  6 

59.  3 

42  12  08.  66 

+5  30.  47 

-6.  77 

-j-o.  10 

54.  95 

7755 

18. 184 

44.  8 

46.  5 

58  47  18.83 

77G5 

23.  757 

48.  1 

42.  0 

39  05  07.  07 

+3  39. 23 

4-0.  99 

+0.  07 

53. 24 

7787 

18.  743 

44.  8 

46. 1 

52  01  14. 23 

7800 

22. 320 

48.8 

41.3 

45  53  51. 25 

+2  20. 71 

+1.39 

+0.  03 

. 

54.  86 

7820 

15. 208 

44.5 

45.8 

48  49  58. 75 

7882 

26.  540 

46.  9 

44.  0 

49  24  48.  72 

-7  25.  77 

4-0.  36 

-0. 13 

58.19 

7962 

29.  498 

46.1 

43.7 

41  16  52.20 

8024 

16. 106 

48.  9 

43.  7 

56  25  22. 37 

+8  46.  81 

4-1.  26 

+0.16 

55.51 

8036 

21.  569 

43.6 

49.0 

49  21  41.21 

8059 

23.  035 

50.  8 

42. 1 

46  36  12.77 

+0  57.  67 

4-0.  74 

+0.02 

55.  42 

8083 

19. 321 

43. 9 

47.0 

56  27  59.  76 

8128 

26.  080 

48.  0 

45.  2 

41  22  56.  38 

+4  25.  88 

+0.  38 

+0.08 

54.41 

8206 

28. 530 

36.9 

35.7 

30  37  25.  39 

8273 

15.  992 

39.9 

33.9 

. 

67  05  59. 21 

+8  13.  45 

+1.62 

+0. 16 

57.  53 

8344 

17.  682 

34.2 

40.0 

60  30  50. 13 

8366 

21.  821 

33.  9 

40.  5 

60  36  18.22 

+6  33. 10 

-0.  27 

4~o.  n 

53.  57 

46 

31.  876 

34.  6 

40.  4 

69  49  32. 13 

+3  50.28 

-0.  09 

-j-0.  07 

54.  58 

67 

27.  675 

41.  0 

34.  0 

37  15  50.  05 

—2  45.  26 

-0.  27 

-0.  05 

56.  05 

120 

14.  401 

38.  4 

36.6 

32  52  45.  28 

175 

29.  490 

40.  6 

35.9 

65  26  54.  52 

-9  53.  56 

+1.  46 

—0.18 

48  59  57.  02 
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Observations  for  Latitude. — Station  2fo.  1 — Continued. 


1 

B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Hicrom. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

lied,  to 
merid. 

N. 

S. 

m.  s. 

o  i  /• 

/  // 

U 

// 

'/ 

o  /  // 

198 

24.  750 

34.0 

41.3 

47  35  14.  38 

219 

18. 533 

47.  4 

28.  5 

50  16  23.39 

+4  04.  56 

+2.  61 

+0.  07 

48  59  56. 13 

September  28. 

239 

28. 459 

37.6 

37.8 

60  25  29.  78 

259 

17.  677 

40.5 

35.1 

. 

37  48  30.  77 

-7  04. 14 

+1.17 

-0.  12 

57.18 

12-Yr.  73 

19.  533 

38.3 

37.8 

67  05  55.  35 

345 

26.  425 

40.5 

35.7 

0  20 

30  44!  51. 20 

+4  31. 11 

+1.19 

+0.  09 

+0.  04 

55.71 

401 

29.  667 

36.5 

40.0 

28  04  20.  96 

438 

15. 108 

43.5 

33.0 

69  36  24.  70 

+9  32.  71 

+1.57 

+0. 18 

48  59  57. 29 

104  determinations. 

Mean  latitude,  48°  59'  55".92 

Value  of  micrometer  turn  used,  78".675 

Value  of  one  division  of  level,  0".8995 


«  1".23 

r  0".82 
0".12 
t0  0".08 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  Station  No.  2,  east.— Lake  of  the  "Woods,  £9  miles  east  of  Pembina. — Observer  "W.  J.  Twining,  Captain  United 
States  Engineers. — Zenith  Telescope,  "Wiirdemann  No.  7.— Chronometer,  Negus  Sidereal  No.  1514. 


B.  A.C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Bemarks. 

Microm. 

Level. 

Merid. 

Microm. 

Level. 

Befrac. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

0  /  n 

1  n 

// 

// 

// 

0  /  n 

198 

25. 106 

38.3 

37.0 

0  35 

47  35  19.31 

219 

19. 194 

34.8 

40.4 

50  16  28. 53 

+  3  52. 56 

-0. 88 

+0. 07 

+0. 10 

48  59  45.  83 

October  16. 

239 

28. 289 

35.7 

39.4 

60  25  35.  65 

259 

17.  045 

48.  4 

27.  2 

37  48  34.  84 

-  7  22. 31 

+3.  94 

-0. 13 

46. 74 

12-Yr.  73 

19. 395 

38. 1 

38.0 

67  06  01.  60 

345 

25  ft32 

40  5 

37  1 

30  44  54  57 

+  4  13.21 

+2.81 

+0. 08 

44. 18 

401 

28.  470 

39.9 

37.9 

28  04  24.  01 

438 

14.418 

45.9 

32.3 

. 

69  36  31.  01 

+  9  12. 77 

+3.  51 

+0. 17 

43. 96 

487 

18. 487 

40.9 

37.7 

47  58  59. 82? 

90  341 

40.  0 

32  ft 

50  02  40  ft7$ 

-  1  12.93 

+3.  69 

-0.  02 

45.58 

560 

25!  658 

45.9 

32.7 

50  09  46.  06 

611 

25.  693 

38.5 

40.3 

63  46  26.  60 

656 

1ft  0ft4 

39.  4 

30  6 

34  23  06.  34 

-  4  59. 22 

-0.40 

-0.  09 

46.  76 

744 

23. 081 

39.0 

40.8 

66  49  40.  08 

752 

20  01ft 

49.  7 

30. 1 

31  13  45.  93 

-  2  00.  49 

+4.  00 

—  0.  04 

46.  47 

825 

14.154 

40.0 

39.5 

0  26 

19  28  08.  04 

896 

31. 945 

47.2 

32.0 

78  54  37.  61 

-11  39.84 

+3.  53 

— 0. 26 

+0. 11 

46. 36 

6728 

19.  579 

41.7 

38.8 

43  25  32. 34 

6748 

24. 787 

40.  6 

39.5 

54  40  47. 33 

-  3  24.  87 

+0.  90 

-0.06 

. 

45.80 

October'  17. 

6937 

17. 894 

41.8 

40.9 

36  28  09. 47 

fiQ70 

25  ft72 

41  3 

41  7 

61  41  50  61 

-  5  13.  83 

+0.11 

—0. 10 

46.22 

7024 

19.  397 

40.8 

42.7 

61  51  27.  04 

93  070 

45  5 

36  02  01  02 

+  2  59. 89 

+1.10 

- 1- 0.  Oo 

7100 

13.914 

42.0 

42.2 

42  45  42.  49 

7166 

29.  027 

43.6 

41.0 

55  33  38.  28 

-  9  54.51 

+0.  54 

-0. 18 

. 

40.24 

7215 

17.  861 

40.3 

44.0 

57  07  37.  89 

47  ft 

37  ft 

40  40  52  14 

+  5  30. 20 

+1.  42 

+0.10 

46.  73 

7345 

16.  309 

45.2 

40.9 

47  08  27. 19 

744ft 

2ft  343 

44  7 

49  O 

51  06  49.68 

-  7  53.  39 

+1.57 

-0.  13 

46.  49 

7480 

20. 173 

45.8 

41.4 

45  58  58.  50 

74  RQ 

20  030 

44  5 

49  O 

52  03  43.54 

-  1  37.  01 

+1.  35 

-0.  02 

45. 34 

7505 

20.  024 

46.8 

40.6 

37  58  00.  86 

43  3 

44  ft 

60  06  20.22 

-  2  25.  43 

+1.  06 

-0.04 

46. 13 

21.  801 

44.0 

44.2 

55  36  57. 66 

40  0 

42  12  12  00 

+  5  11.32 

+0.88 

+0.09 

47. 12 

7755 

18.  810 

43.7 

45.1 

58  47  23.  36 

47  n 

ZJO  O 

39  05  10.34 

+  3  26.  91 

+0.  76 

+0.  00 

44.  58 

7787 

19. 346 

44.0 

45.0 

52  01  18.  47 

49  4 

45  53  55. 1 2 

+  2  07.  37 

+0.79 

+0.  03 

44. 99 

7820 

15.  670 

45.  5 

43.4 

48  50  02.  90 

7882 

27.  457 

46.6 

42.5 

. 

49  24  53.  07 

—  7  43. 67 

+1.39 

-0.13 

48  59  45.  57 
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Observations  for  Latitude. — Station  No.  2 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Eefrac. 

Red.  to 
merid. 

N. 

s. 

m.  s. 

o  /  // 

/  // 

II 

II 

II 

O  1  II 

7962 

28. 130 

44.4 

45.3 

41  16  56. 10 

8024 

15. 1 1 1 

48.  3 

41.  7 

56  25  27.  53 

+  8  32. 13 

+1.28 

+0. 15 

48  59  45.38 

October  17. 

8036 

20.  917 

43.  6 

46.0 

49  21  45.  89 

8039 

21.  982 

49.  6 

40.  0 

48  36  17.  44 

+  0  41.  89 

+1.  62 

+0.  02 

45. 19 

8083 

18.  537 

45.4 

44.  4 

56  28  05.  07 

8128 

24.  918 

47.6 

42.2 

41  23  10.58 

+  4  11.01 

+1.  44 

+0.  07 

45.34 

8206 

29.  244 

45.3 

45.  3 

30  37  28.  70 

8273 

17.  149 

49.  6 

41.  9 

67  06  05.  50 

+  7  55.  79 

+1.  73 

+0. 15 

44.  77 

8314 

25. 221 

45.2 

46.  1 

73  42  13.  54 

8324 

18.  443 

49.  6 

41.6 

24  26  08. 19 

-  4  26.  63 

+1.  60 

-0.  09 

45.  75 

8344 

16.  384 

40.7 

38.7 

0  20 

60  30  56. 14 

+  6  17.  92 

+1.91 

+0. 11 

+0.04 

45.  21 

8366 

20.  529 

40.0 

38.9 

60  36  24.25 

+  3  34.  86 

+1.70 

+0.06 

45.  91 

46 

30.  612 

40.  4 

38.  9 

60  49  38.23 

67 

25.  991 

43.2 

36.7 

37  15  54.33 

—  3  01.  78 

+1.  80 

-0.  05 

46.  25 

120 

13.  758 

40.  4 

39.6 

32  52  49.  04 

173 

29.  307 

43.5 

36.5 

0  13 

65  27  01.  01 

-10  11.  66 

+1.75 

-0.19 

+0.  02 

44.95 

198 

24.  655 

40.5 

39.  7 

47  35  19.  57 

219 

18.  834 

43. 1 

36.9 

50  16  28.  80 

+  3  48.  98 

+1.57 

+0.  07 

44.  80 

239 

27.  615 

39.4 

40.5 

60  25  35.  97 

259 

16.  401 

43.  7 

36. 1 

37  48  35.  04 

-  7  21. 13 

+1.46 

-0. 13 

45.  70 

12- Yr.  73 

19.  388 

39.4 

40.7 

67  06  01.  94 

345 

25.  884 

46.  4 

34.  1 

30  44  54.  74 

+  4  15.  54 

+2.38 

+0.  08 

46.  34 

401 

29. 044 

39.9 

40.6 

28  04  24. 17 

438 

14.  926 

44.  4 

36.3 

69  36  31.  37 

+  9  15.  37 

+1.  66 

+0. 17 

44.  97 

474 

13.  697 

42.0 

38.9 

48  04  20.  79 

487 

17.  783 

42.  1 

38.9 

47  59  00.  08 

522 

19.  576 

42.5 

38.  4 

59  02  50.  1 4 

7  19.  91 

+1.  46 

—  0. 12 

44.  98 

560 

24.  880 

42. 1 

38.7 

50  09  46.32 

—  1  10. 53 

+1.64 

-0.  02 

46. 20 

611 

25.  765 

40.1 

40.6 

63  46  26. 92 

656 

18. 138 

41.  6 

39.6 

34  23  06.  53 

-  4  59.  93 

+0.  34 

0.  09 

47.  05 

744 

22.  466 

40.7 

40.6 

66  49  40.  41 

752 

19.  499 

40.  9 

40.8 

31  13  46.  09 

-  1  56.71 

+0.04 

—0.  04 

46.  54 

825 

14.  658 

40.9 

41.0 

19  28  08. 13 

896 

32.  378 

42.3 

40.3 

. 

78  54  37. 95 

-11  37.06 

+0.  43 

-0. 26 

46.  15 

979 

18. 177 

39.9 

43.4 

77  15  42.38 

999 

25.  375 

45. 1 

38.0 

20  34  20.  81 

+  4  43. 15 

+0.81 

+0.10 

45.  66 

1101 

19.  503 

41.8 

41.4 

31  15  13.35 

1127 

22. 225 

43.  0 

40.2 

66  47  52.82 

—  1  47.08 

+0.72 

—0.  03 

46.  69 

1203 

25.  538 

41.4 

41.9 

62  41  40.  92 

1228 

19.  751 

42.8 

40.  6 

35  25  24.25 

—  3  47.  65 

+0.  38 

—0.  07 

45.  25 

1254 

24.716 

40.6 

42.7 

50  00  09. 19 

1287 

20.  431 

43.9 

39.7 

48  04  58.  55 

-  2  48.46 

+0.  47 

—0.  05 

45.  83 

6728 

19.  424 

45.2 

35.1 

43  25  32. 34 

6748 

26.  586 

37.7 

43.  1 

. 

54  40  47.  34 

-  3  23.  06 

+1.05 

-0.  06 

47.  78 

October  18. 

6780 

22. 101 

40.  7 

40.5 

57  43  03.  99 

6817 

21.  887 

35.  2 

46.  4 

40  16  50.02 

—  0  08.42 

-2.  48 

0.  00 

46. 10 

6937 

18. 144 

42.0 

41.  0 

36  28  09.  48 

6970 

26. 176 

44.  0 

39. 1 

61  41  50.65 

—  5  15.99 

+1.33 

—0. 10 

45.  31 

7024 

20.019 

42.  4 

40.8 

61  51  27.  04 

7073 

24,  561 

44.2 

39.6 

. 

36  02  01.  92 

-1-  2  58.  07 

+1.39 

+0. 05 

48  59  44.  59 
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Observations  for  Latitude. — Station  No.  2—  Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitudo. 

Remarks. 

Microm 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Itefrac. 

Red.  to 
merid. 

N. 

S. 

on  .  s. 

o  /  n 

/  // 

U 

n 

It 

ot  n 

7100 

14.524 

41.  5 

42.4 

42  45  42.  51 

7106 

29.  645 

45.8 

37.9 

. 

55  33  38. 35 

-  9  54.  82 

+1.51 

-0.18 

48  59  46.  94 

October  18. 

7215 

17.  822 

40.6 

43.4 

51  07  37.97 

7277 

26. 184 

45.6 

38.7 

40  40  52.20 

+  5  28. 94 

+0. 92 

+0.10 

45.  04 

7345 

16.  145 

41.9 

42.4 

47  08  27. 2S 

7448 

28. 138 

40.  6 

44.2 

51  06  49.80 

-  7  51.  77 

-0.9  2 

—  0. 13 

45.  73 

7480 

20.  737 

42.8 

42.3 

45  58  58.  61 

7489 

23. 160 

40.  6 

44.  4 

52  03  43.  62 

-  1  35.  31 

—0.  74 

-0.  02 

45.  04 

7505 

20.  555 

43.9 

41.0 

37  58  00.  95 

7005 

24. 209 

39.  0 

46.  3 

60  06  20.  41 

—  2  23.  74 

-0.  99 

-0.  04 

45.  91 

7636 

18.  796 

42.0 

43.5 

55  36  57.  83 

7679 

26.  663 

40.7 

44.  8 

42  12  12.  13 

+  5  09.  46 

-1.26 

+0.  09 

43.  27 

7755 

19.  490 

40.6 

44.7 

58  47  23.  54 

7765 

24.  757 

46.7 

38.6 

0  17 

39  05  10. 46 

+  3  27.  19 

+0.  90 

+0.  06 

+0.04 

45.  19 

7787 

19.  432 

42.2 

43.0 

52  01  18.65 

7800 

22.  658 

44.0 

41.5 

45  5.7  55. 28 

+  2  06.  90 

+0.38 

+0.  03 

. 

44.25 

7820 

15.  920 

42.9 

42.  3 

48  50  03.  06 

788*2 

27.  693 

43.  7 

41.  8 

49  24  53.25 

—  7  43. 12 

+0.  £0 

—  0. 13 

7902 

28.  609 

43.4 

42.4 

41  16  56. 27 

8024 

15.  640 

44.  5 

41.  7 

56  25  27.  76 

+  8  30. 17 

+0.  85 

+0.  15 

43. 19 

8036 

25.  463 

44.3 

42.2 

0  22 

49  21  46. 10 

8059 

26.  591 

43.9 

42.3 

48  36  17.  64 

+  0  44.  37 

+0.  83 

+0.02 

+0.  06 

47.  15 

8083 

18.  472 

42.3 

44.0 

56  28  05. 30 

8128 

24.  850 

45.  2 

41.  0 

41  23  00.  76 

+  4  10.  89 

+0.  56 

+0.  07 

44.  55 

8206 

28. 341 

33.7 

33.6 

30  37  28. 83 

8273 

16.  275 

35.  2 

32.  3 

67  06  05.  80 

+  7  54.  65 

+0.  67 

+0.  15 

42.  78 

8314 

25.  366 

33.6 

33.9 

73  42  13.  86 

8324 

18.614 

36.5 

31.0 

24  26  08.  30 

-  4  25.  61 

+1. 17 

-0.  09 

. 

46.  55 

8344 

16.  412 

33.  7 

33.  7 

60  30  56.  51 

-4-  6  18.  78 

+0.  81 

4-0.  n 

45.  21 

8366 

20.  572 

33.  9 

33.9 

60  36  24.  54 

4-  3  35. 14 

4-0.  81 

+0.  06 

45.  53 

40 

30.  638 

33.7 

33.8 

60  49  38. 51 

-  3  on.  83 

-t-0.79 

-0.  05 

46.  42 

67 

26. 041 

35.6 

32.0 

37  15  54.  50 

120 

14.  809 

34.6 

33.2 

32  52  49. 21 

175 

30.  284 

34.  8 

33.0 

65  27  01.34 

—  10  08.  75 

+0.72 

—0. 19 

47.  05 

198 

26. 187 

36. 1 

31.7 

47  35  19.  82 

219 

20.  357 

32.  6 

35.3 

50  16  29.  07 

+  3  49.  34 

+0.  38 

+0.  07 

44.  24 

12-Tr.  73 

19.  051 

44.  9 

22.  6 

67  06  02.  27 

345 

25.  592 

24.  0 

43.  6 

30  44  54.90 

+  4  17.  31 

+0.  61 

+0.  08 

46.  57 

474 

14.  892 

34.5 

33.3 

48  04  21.  05 

4rt7 

18.  958 

34.  4 

33.4 

6  28 

47  59  00.  34 

—  7  17.90 

+1.  17 

-0. 12 

46.  96 

522 

20.  745 

35.  1 

32.  6 

50  02  50.  41 

500 

26.  025 

35.9 

31.9 

50  09  46.  58 

-  1  10.30 

+0.  79 

-0.02 

+0. 11 

45.  95 

011 

26. 115 

32.0 

35.7 

63  46  27.  24 

18.  456 

38.2 

27.  7 

34  23  06.  71 

-  5  01. 19 

+1.  53 

-0.  09 

47.23 

744 

23.  046 

36.5 

31.8 

66  49  40.  73 

752 

20.  081 

32.0 

36.3 

31  13  46.25 

-  1  56.  68 

+0.09 

-0.04 

46.  86 

825 

13. 180 

33.7 

34.6 

19  28  08.  21 

30.  905 

36.  6 

31.  7 

78  54  38.29 

—  11  37.22 

+0.  90 

-0.  26 

46.  67 

979 

17.  559 

23.  3 

45.0 

77  15  40.  71 

Q<)Q 

24  766 

42.  8 

20.  7 

20  34  20.90 

-f  4  43.50 

+0.09 

+0.10 

45.  49 

1203 

25  217 

32.6 

35.5 

62  41  41. 17 

1228 

19.  428 

38.0 

29.  8 

35  25  24.  39 

-  3  47.  72 

+1. 19 

-0.  07 

48  59  46. 18 

104  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION 


Observations  for  Latitude. — Station  No.  2 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  t  o 
merid. 

N. 

S. 

m.  s. 

o  /  '/ 

/  n 

II 

II 

// 

o  /  // 

1-454 

24.  434 

33.8 

33.8 

50  CO  09.  41 

1287 

20. 121 

36.  6 

31. 1 

48  04  58.  73 

—  2  49.66 

+1.  24 

-0.  05 

43  59  45.  60 

12"4 

20.  051 

39.  0 

41.  9 

50  00  10.28 

1.8? 

il.  760 

41.3 

39.  4 

48  04  59.  46 

—  2  48.46 

— 0. 22 

-0.  05 

46. 14 

7755 

19.007 

38.4 

39.  7 

58  47  24.  47 

7.65 

24.  208 

40.  3 

37.9 

o 

(.< 

o 

39  05  11.  08 

+  3  26. 56 

+0.25 

+0.00 

+0.05 

44.  70 

October  23. 

7820 

10.  2S9 

37.3 

40.7 

48  50  03.  88 

?882 

28.  698 

41.  0 

37.2 

49  24  54.  15 

—  7  44. 14 

+0.  09 

-0. 13 

44.  83 

8016 

21.  801 

38.4 

40.4 

49  21  47. 13 

8j59 

22. 802 

41.  4 

37.5 

. 

48  30  18.60 

+  0  40.  74 

+0.  43 

+0.  02 

45.08 

8083 

18.528 

40.7 

38.  1 

56  28  00.49 

8128 

24.  900 

39.  4 

39.  7 

41  23  01.  67 

+  4  10.  66 

+0.  52 

+0.  07 

45. 33 

82C6 

28.  519 

39.  7 

39.6 

30  37  29.  53 

8273 

16. 399 

40.  6 

39.  2 

67  06  07.29 

+  7  56. 77 

+0.  34 

+0.15 

45.  67 

8314 

24.  853 

40.5 

39.2 

73  42  15.  40 

8324 

18.  078 

38.0 

40.0 

. 

24  20  C8  87 

-  4  26.  51 

-0. 29 

-0.09 

45.28 

8344 

15.  724 

39.  4 

40.  2 

GO  30  57.  84 

83(36 

19.  9C4 

38.  9 

40.  6 

60  36  25.  97 

4-  6  18.  82 

-fo.  18 

4-0.  li 

45.  71 

40 

29.  973 

39. 1 

40.  5 

60  49  39.89 

+  3  34.  39 

—0.  02 

-j-0.  06 

45.  09 

67 

25.  354 

40.0 

39.0 

. 

37  15  55. 36 

-  3  01.70 

+0.04 

-0.05 

48  59  45.91 

Mean  latitude,  48°  59'  45". 67. 

Number  of  determinations,  84. 

Value  of  micrometric  turn,  78". 075. 
One  division  of  level,  0".8995. 


£  0".95 

r  0".0(33 
0".010 
To  0".007 
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UNITED  STATES  NORTHERN  BOUNDARY. 
Observations  for  Latitude. 


[Astronomical  Station  No.  2  west. — Points  Michel,  20  miles  west  of  Pembina. — Observer,  W.  J.  Twining,  Captain  United 
States  Engineers. — Zenith  Telescope,  Wiirdemann  No.  20.— Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microrn. 

Level. 

Merid. 

(list. 

Hicrom. 

Level. 

Refrae. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  n 

/  // 

// 

n 

// 

o  /  // 

4P04 

11.402 

27.  5 

30.4 

50  24  54.  84 

4827 

25.  232 

29.5 

28.  4 

47  20  41.54 

+  7  09.11 

-0.  40 

+0. 12 

48  59  57. 02 

4897 

14.  303 

29.6 

28.6 

38  20  09.  78 

4918 

23.  003 

29.  0 

29.4 

59  48  45.01 

—  4  29.  93 

+0. 13 

-0.  09 

57.  no 

4937 

27. 299 

28.9 

29.2 

50  08  58.  41 

4974 

9.  746 

31.  4 

28. 2 

48  08  62.24 

—  9  04.63 

+  0.  65 

-0.  15 

56.  20 

5026 

15. 142 

31.0 

30.1 

38  44  30. 36 

5097 

24. 201 

32.0 

29.5 

59  24  45.  33 

-  4  41.08 

+  0.76 

-0.  08 

57.  45 

5271 

20.  705 

30.2 

32.4 

42  48  28. 59 

5313 

16.  039 

35.  0 

27.0 

55  06  33.  74 

+  2  24.  77 

+  1.30 

+0.04 

57.28 

5502 

8.387 

31.5 

29.9 

55  29  38.  43 

5523 

28. 225 

31.  5 

30.2 

42  09  43.  00 

+  10  15.  52 

+  0.  65 

+0. 18 

57.  07 

5545 

P.  402 

30.  1 

31.8 

69  02  32. 84 

5624 

29.  623 

32.0 

29.  4 

28  35  34. 21 

+10  58.43 

+  0. 20 

+0. 20 

57.  35 

5644 

17.  608 

36.2 

25.0 

42  27  54.  98 

5658 

23.  534 

27.0 

34.1 

0  32. 5 

55  37  64. 69 

-  3  03.  87 

+  0.  92 

-0.05 

+0. 14 

56.  98 

5693 

25.  032 

31.0 

30.0 

31  54  42. 29 

5823 

12.  491 

30.  0 

29.0 

65  52  12.  21 

+  6  29. 12 

+0.  45 

+0.11 

56.  93 

5833 

24.  645 

31.5 

27.4 

49  49  37.51 

5911 

13.  329 

28.7 

31.0 

. 

48  21  57. 24 

-  5  51.11 

+0.  40 

-0.09 

56. 58 

6047 

26.  897 

30.0 

30.0 

1  00 

72  12  30.  79 

6073 

10.  595 

33.2 

27.  4 

26  04  11.47 

-  8  25.  81 

+1.  30 

-0.15 

+  0.29 

56.76 

6114 

12.  660 

30.0 

31.0 

76  58  33.  44 

6157 

25.  866 

32. 0 

28.9 

20  47  39.80 

+  6  49.75 

+0.  47 

+0. 14 

56.  98 

6268 

15. 174 

32.  6 

28.  7. 

39  26  13.57 

6289 

24.  726 

31.5 

29.7 

58  43  31.  22 

—  4  56.37 

+  1.27 

-0.  09 

57. 21 

6318 

12.697 

30.0 

31.2 

59  27  44. 99 

6365 

29.  3e0 

33.0 

28.0 

38  14  52.  87 

+  8  37.  63 

+0.  8o 

+  0.15 

57.  56 

6937 

12. 855 

29.1 

32.7 

36  27  50.  92 

6970 

21.  995 

35.5 

27.0 

61  41  25.79 

—  4  43.59 

+  1.10 

—0.  08 

55.79 

7024 

15.810 

30.8 

32.2 

61  50  61.86 

7073 

22.  671 

35.3 

27.0 

36  01  43.  91 

+  3.32.88 

+1. 54 

+0.  06 

57.  36 

7100 

9.  606 

33.3 

29.5 

42  45  24. 32 

7166 

27.  777 

34.4 

28.  4 

55  33  13.  59 

-  9  23,  80 

+2.19 

—0.  16 

57. 18 

7215 

12.  451 

31.0 

32.0 

57  07  13.  88 

7277 

24.  116 

36.4 

27.3 

40  40  33.00 

+  6  01.94 

+1.81 

+0. 10 

57.29 

7320 

21.900 

31.5 

32.4 

38  09  11.30 

T.Yr  2395 

16.  238 

38.  0 

26.3 

59  44  48.01 

+  2  5">.  69 

4-2.  41 

+0.05 

57.81 

5271 

21.583 

35.9 

29.0 

42  48  28.  77 

5313 

16.  H96 

29.  0 

35.6 

55  06  33.  98 

+  2  25.  43 

+0.  07 

+0.04 

56.  92 

Juno  14. 

5415 

28.  825 

33.0 

32.7 

58  16  10  21 

5460 

12.345 

32.8 

32.  9 

40  00  46.18 

-  8  31.  33 

+0.  04 

-0. 15 

48  59  56.  76 

i 
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UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


Observations  for  Latitude — Station  No.  2 — Continued. 


B.  A.C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Herid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

s. 

m.  s. 

O  /  // 

/  // 

„ 

// 

// 

o  /  // 

5502 

9.444 

31.3 

34. 1 

55  29  38.  68 

5523 

29.  280 

35.  0 

30.6 

42  09  43.  23 

+  10  15.46 

+0.  36 

+0. 18 

48  59  56.  96 

5545 

10.  203 

34.0 

32.0 

69  02  33. 10 

5624 

31.397 

34.2 

33.  2 

28  35  24.  41 

+10  57.  60 

+0.  67 

+  0.  20 

57.  23 

5644 

15. 165 

32.2 

35.2 

42  27  55.  23 

5658 

21. 104 

37.  7 

30.1 

0  20 

55  37  64.  96 

-  3  04.  27 

+  1.  03 

-0.  05 

+0. 05 

56.  86 

5693 

25.  007 

33.2 

34.9 

31  54  42. 50 

5823 

12.  481 

37. 1 

31.2 

65  52  12.  49 

+  6  28.  65 

+0.  94 

+0.11 

57.  20 

5853 

25.  777 

34.9 

33.4 

49  49  37.  78 

5911 

14.  464 

34.8 

33.2 

48  21  57.  61 

-  5  51.  01 

+0.  69 

—  0.  09 

57.  28 

6114 

12. 256 

31.  2 

26.0 

76  58  33.  74 

6157 

25.  444 

29.6 

28.0 

20  47  39. 90 

+  6  49. 19 

+  1.52 

+  0.14 

57.  07 

6268 

13.  559 

23.0 

25.  3 

39  26  13.  83 

62b9 

23.  115 

28.0 

20. 1 

58  43  31.  51 

—  4  56.53 

+  1.25 

-0.  09 

57.  20 

6318 

11.  435 

25.0 

23.2 

59  27  45.  28 

6365 

28.  072 

27.2 

21.6 

38  14  53. 13 

+  8  36.  20 

+1.66 

+  0.15 

57.  22 

5271 

22.  433 

32.0 

32.  1 

42  48  29.  02 

5313 

17.  702 

31.8 

32.  8 

. 

55  03  34. 22 

+  2  26.  79 

-0.25 

+  0.  05 

58.  21 

Juno  15. 

5415 

28.  609 

34.0 

31.0 

58  16  10.  46 

5460 

12. 166 

30.  1 

34.  9 

40  00  46.  40 

-  8  30. 18 

-0.  40 

-0.  14 

57.  71 

5502 

14.  460 

32.1 

32.6 

55  29  38. 93 

5523 

34.  324 

32.  0 

33.0 

42  09  43.  46 

+ 10  16.  33 

-0.  33 

+  0. 18 

— 

57.  38 

5603 

24.  835 

33.0 

32. 1 

31  54  42.  72 

5823 

12.  311 

33.3 

32.8 

65  52  12.  77 

+  6  28.  59 

+  0.  31 

+0.12 

50.  70 

5853 

26.  555 

33  7 

32. 1 

49  49  38.  05 

5911 

15. 187 

33.0 

33. 1 

48  21  57.87 

-  5  52.  72 

+0. 33 

-0.  09 

55.  48 

6047 

26.  791 

33.0 

34.0 

72  12  31.  36 

6073 

10.  541 

34.  9 

32.1 

. 

26  04  11.  90 

-  8  24. 20 

+  0.  40 

-0. 15 

. 

57.  08 

6114 

12.  559 

32.9 

34.2 

76  58  34.  02 

6157 

25.  792 

35.3 

32. 1 

20  47  40.  11 

+  6  50.  59 

+  0.  42 

-f0. 14 

58.  22 

6268 

14.  375 

34.0 

35.5 

39  26  14.  09 

6289 

23.  898 

38.0 

30.4 

58  43  31.  81 

-  4  56.  66 

+1.36 

-0.  09 

. 

58.56 

6318 

11.  526 

32.  2 

36.  2 

59  27  45.  58 

6365 

28.  229 

37.0 

32.5 

38  14  53.  40 

+  8  38. 25 

+  0.11 

+0. 15 

58.00 

6421 

20.  351 

34.9 

34.8 

49  17  21.10 

6476 

20.  931 

35.1 

34.1 

48  41  55.  73 

+  0  18.00 

-f  0.  25 

+0.01 

56.  67 

6553 

17.  740 

37. 1 

32.1 

32  17  62. 22 

6586 

21.  529 

33.  1 

36.5 

65  45  46.  79 

—  1  57.  47 

+  0.36 

-0.  03 

57.  37 

6624 

21.915 

36.  1 

33.5 

40  07  29. 38 

t681 

15.  833 

35.5 

34.4 

57  45  67. 56 

+  3  08.  71 

+0.  83 

-|-0.  05 

. 

58. 06 

6728 

17.  244 

33.5 

36.6 

43  25  11.  77 

6748 

21.  762 

37.9 

32.7 

54  40  24.  38 

-  2  51. 21 

+0.47 

-0.  05 

. 

57.29 

6780 

17. 908 

35.  8 

34.  8 

57  42  39.  67 

6817 

18.  680 

32.8 

38.0 

40  16  23. 91 

+  0  23.  95 

-P.  94 

+0.  01 

. 

57.  26 

7024 

16.  662 

34. 1 

37.0 

61  50  62.  41 

7073 

23.  614 

35.  1 

36.0 

36  01  44.43 

+  3  35.  70 

-0.  85 

+  0.06 

58.  33 

7100 

10.717 

38.1 

33.0 

42  45  24.  85 

7166 

28.  840 

35.4 

35.6 

55  33  14.  13 

—  9  22.31 

+  1.  10 

-0.  16 

58. 12 

7215 

13.  687 

36.0 

35.  0 

57  07  14.  41 

7277 

25.  400 

34.0 

37.  4 

40  40  33.50 

+  6  03.  42 

-0.  54 

+  0.10 

. 

48  59  56.  94 
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Observations  for  Latitude. — Station  No.  2 — Continued. 


Headings. 

Corrections. 

Latitude. 

Remarks. 

B.  A.  C. 
No. 

Level. 

Merid. 

dist. 

Declination 

Microm. 

Level. 

Eefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

or  n 

/  // 

// 

// 

// 

o  /  // 

7320 

20.  895 

37.5 

34.2 

38  09  11.  79 

7-Tr.  2395 

15.227 

36.5 

35.6 

59  44  48.  52 

+  2  55.  86 

+0. 94 

+  0.05 

48  59  57.01 

5415 

20.  523 

29.0 

27.9 

58  16  10.98 

5460 

13.  032 

28.3 

28.4 

40  00  46. 90 

—  8  31.  67 

—  0.  22 

0. 15 

57.  34 

5502 

8.563 

28.1 

28.0 

55  29  39.  49 

5523 

28.  372 

24. 1 

32.2 

42  09  43.98 

+10  14.62 

—  1.  78 

+0.18 

54.  76 

Rejected. 

5545 

9.  923 

25.  0 

31.3 

69  02  33.  94 

5624 

31.265 

23.9 

28.  4 

28  35  25. 06 

+11  02.19 

-1.29 

+0.20 

60.  60 

tul on  record. 

5644 

16.  244 

30.0 

27.  1 

42  27  56.  00 

5G58 

21. 177 

26.5 

31.0 

0  10 

55  37  65.  80 

-  3  04.  09 

-0.36 

-0.  05 

+  0.  04 

56.  44 

5693 

27.710 

29.2 

28.2 

31  54  43.19 

5823 

15. 152 

27.9 

31.2 

65  52  13.38 

+  6  29.61 

-0.  51 

+  0.11 

57.  53 

5853 

22.  537 

28.  7 

30.  1 

49  49  38.  64 

5911 

11. 184 

29.  7 

29.8 

48  21  58.  47 

-  5  52.  £6 

-0.  33 

-0.  09 

55.88 

6047 

27.  671 

30.  1 

30.1 

72  12  32.  00 

6013 

11.372 

30.  4 

30.2 

26  04  12. 39 

—  8  25.  72 

+  0.  04 

-0. 15 

56.36 

6114 

13.  928 

29.7 

31.4 

76  58  34.  63 

6157 

27.  145 

31.0 

30.0 

20  47  40.  58 

+  6  50.  09 

-0. 16 

+0.14 

. 

57.  68 

6268 

16.  449 

40  0 

21.5 

39  26  14.  6G 

6289 

25.  993 

21.  6 

40.  0 

58  43  32.  44 

-  4  56. 13 

+0.02 

-0.  09 

57.  35 

6318 

12. 179 

27.3 

33.9 

59  27  46.  21 

6365 

£8.  838 

34.8 

27.2 

38  14  53.  95 

+  8  36.  89 

+  0.22 

+  0. 15 

57.  34 

6421 

20. 280 

31.3 

31.0 

49  17  21.71 

6476 

SO.  825 

31.4 

31.0 

. 

48  41  56.34 

+  0  16.  91 

+0. 16 

+0.01 

. 

56.10 

6553 

17. 232 

39.5 

32.  4 

32  17  62.  75 

6586 

21.  043 

33.  2 

29.  6 

65  45  47.  42 

-  1  58.25 

+0.  38 

—0.  03 

57. 19 

C624 

21.  779 

31.0 

31.5 

40  07  29.  96 

6681 

15.  700 

32.3 

30.0 

. 

57  46  08.  44 

+  3  08. 62 

+0.  40 

+  0.  05 

58.27 

6728 

17.  753 

31.5 

31.0 

43  25  12.  35 

.  6748 

23.  332 

33.0 

29.5 

0  33 

54  40  25.  00 

-  2  53. 10 

+0.89 

-0.  05 

+  0.14 

56.56 

6789 

18.598 

29.0 

33.2 

57  42  40. 18 

6817 

19.311 

33.2 

29.0 

40  16  29. 47 

+  0  £2. 12 

0.  00 

+0.01 

. 

43  59  56. 96 

Mean  latitude  (60  determinations),  48°  59'  57".20. 

e  =  ±  0".63 
t  =  ±  0".42 
£0  =  ±  0".08 
r0  =  i-  0".05 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  Station  Do.  3. — East  side  of  Pembina  Mountain,  35  miles  west  of  Pembina. — Observer,  J.  P.  Gregory,  Lieu¬ 
tenant  United  States  Engineers. — Zenith  Telescope,  Wiirdemann  Do.  11. — Chronometer,  Negus  Sidereal  Do.  148i.j 


B.  A.  C. 
Do. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Miorom 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrae 

Ked.  to 
merid. 

D. 

S. 

I 

771.  S. 

o  /  // 

/  n 

// 

// 

V 

o  /  // 

£026 

21.  702 

42.3 

30.0 

38  44  30.  73 

5097 

14.  477 

28.2 

45.  0 

—  4  30.  67 

—  1.  40 

—  0.  08 

48  59  6G.  10 

June  15. 

£271 

16.931 

40.  7 

33.6 

42  48  29. 02 

5313 

21.  019 

41.  0 

33.  7 

55  00  34.22 

+  2  31.  89 

+  1.36 

+0.  04 

64.  91 

5415 

11.609 

38.8 

35.9 

58  16  10.44 

5400 

25.  089 

30.  5 

44.  2 

40  00  40.  41 

-  8  20.  48 

—  3.35 

-0. 13 

G4.  87 

5502 

26.  850 

37.0 

37.7 

55  29  38. 93 

5523 

10.  255 

42.  6 

32.  2 

42  09  43.  4G 

+10  16.  62 

+  3.01 

+0.  17 

GJ.00 

5545 

25.  712 

50.0 

24.8 

69  02  33.  38 

5024 

7.  871 

12.0 

59.  0 

28  35  24.  Cl 

+11  02.88 

—  C.  7G 

+0.21 

55.  32 

5603 

13.  459 

41.2 

34.  6 

31  54  42.  72 

5823 

24.  139 

4J.  G 

35.  2 

65  52  12.  78 

+  6  36.  82 

+  4.34 

+0.12 

G9. 03 

5853 

14.  596 

37.0 

41.  1 

49  49  38.  04 

5911 

23.  820 

31.  7 

4G.  G 

48  21  57.  87 

—  5  42.  72 

—  5.89 

—0.  09 

59. 25 

6268 

24.101 

43.0 

37.  6 

39  26  14,09 

6289 

16.  591 

24.2 

50.0 

. 

58  43  31.  81 

-  4  39.  03 

-  8.18 

-0.08 

65.  66 

6318 

26.  052 

48.0 

32.3 

59  27  45.  58 

6365 

11.899 

21.8 

59.2 

38  14  53.  39 

+  8  45.  86 

-  6.73 

+0.14 

58.75 

6421 

19.  658 

35.6 

45.8 

49  17  21.09 

6476 

18.  882 

31.  0 

50.7 

48  41  55.  72 

+  0  28. 83 

-  9.27 

+0.01 

57.  97 

6553 

20.  536 

37.5 

44.6 

32  18  02.  22 

6586 

17.696 

35.4 

47.3 

. 

65  45  4G.  78 

-  1  45.52 

-  5.89 

-0,03 

63.06 

6728 

22.  819 

47.5 

35.7 

43  25  11.78 

6748 

18.  048 

28.0 

55.2 

54  40  24.39 

-  2  34.  97 

-  4.77 

—0.  01 

68.30 

6780 

19.  424 

53.5 

30.0 

57  42  39.  57 

6817 

18. 732 

31.5 

52.  0 

40  16  28.  91 

+  0  25.  71 

+  0.  93 

+0.01 

60.  89 

7024 

21.  550 

43.3 

42.  2 

61  51  02.  41 

7073 

15.  438 

27.0 

58.0 

36  01  44.  43 

+  3  47. 50 

-  9.58 

+0.06 

61.  40 

4804 

24. 590 

41.0 

32.2 

50  24  55. 35 

4827 

12.  925 

27.0 

45.  8 

47  20  42.  06 

+  7  13.41 

-  3.  10 

+0.12 

59. 13 

Juno  16 

4997 

22.  211 

30.6 

41.0 

38  20  10. 30 

4918 

15.111 

40.0 

30.0 

09  48  45.  59 

-  4  23.  80 

-  0. 12 

-0.  08 

. 

08.  95 

4937 

12.  787 

26.0 

44.  4 

50  08  58. 99 

4974 

27.  406 

48.  3 

22.0 

48  09  04. 43 

-  9  05.  40 

+  2.45 

-0.15 

. 

58.  61 

5026 

22.  782 

33.8 

36.  1 

38  44  30.  73 

5097 

15.  545 

27.0 

43.5 

59  24  45.99 

-  4  28.  89 

-  5.83 

-0.08 

63.  56 

5271 

17.  645 

45.  5 

24.0 

42  48  29. 28 

5313 

21.  939 

19.6 

57.2 

55  0G  34.  47 

+  2  41.  77 

-  7.16 

+0. 05 

60.  53 

5415 

12.  484 

26.0 

44.0 

58  16  10.72 

5400 

25.911 

28.0 

42.  3 

40  00  4G.  04 

-  8  18.  88 

-10.01 

-0. 14 

59. 65 

5502 

28.041 

15.2 

54.  7 

55  29  39.  20 

5523 

11.182 

47.6 

22.7 

. 

42  09  44.93 

+10  26.  40 

-  4.53 

+0.18 

. 

48  59  64.  11 
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Observations  for  Latitude. — Station  No.  3 — Continued; 


Headings. 

Corrections. 

Latitudo. 

Remarks. 

B.  A.  C. 
No. 

Microm. 

Level. 

Merid. 

diet. 

Declination. 

Microm. 

Level. 

Rofrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

O  /  // 

/  // 

// 

II 

n 

or  u 

5545 

27.  443 

22.  0 

48.  3 

69  02  33.  64 

5624 

9.  471 

30.0 

41.0 

28  35  24.  82 

+11  07.75 

—  11.56 

+0.21 

48  59  55.  63 

5693 

15.  272 

33. 1 

38.  3 

31  54  42.95 

5823 

26.  409 

10.7 

61.  0 

65  52  13.  07 

+  6  53.  80 

—17.21 

+0.13 

64.  73 

5853 

15.  733 

21.  6 

51.  0 

49  49  39.  57 

5911 

24.  678 

25.6 

47.  0 

48  21  58. 16 

-  5  32. 35 

-15.  75 

— 0.  09 

59. 17 

6114 

26.  088 

28.  3 

44.4 

76  58  34. 32 

6157 

14  Q.31 

47  0 

26  0 

20  47  40.  34 

+  6  54. 54 

+  1.52 

+0.15 

63.  54 

6263 

23.  836 

41.0 

32.8 

39  26  14.  36 

6289 

15.  977 

41.  0 

32.  3 

58  43  32. 12 

—  4  52.  00 

+  5.24 

-0.  09 

• 

66.  39 

6318 

20. 568 

41.0 

32.  2 

59  27  45.  89 

6365 

12.  526 

33.3 

39.8 

38  14  53.  66 

+  8  41. 73 

+  0.71 

+0.15 

. 

62.37 

6553 

21. 942 

28.2 

41.5 

32  18  02.  48 

6586 

18.  891 

44.  5 

24.  6 

65  45  47. 10 

1  53.36 

+  2.05 

0.  04 

63.  44 

6G24 

18. 186 

44.2 

24.6 

40  07  29. 67 

6681 

23. 278 

44.  0 

25.0 

57  46  07.  87 

+  3  09. 19 

+11.97 

+0.  05 

69.  98 

6728 

22.917 

45.  5 

22.2 

43  25  12.06 

6748 

18. 451 

23.2 

44.5 

54  40  24. 68 

-  2  45.  93 

+  0.78 

-0.  05 

. 

63.17 

6780 

20.  609 

34.0 

32.5 

57  42  39. 87 

6817 

19.  800 

31.2 

36.  1 

40  16  29. 18 

+  0  30. 06 

—  1.  05 

+0.01 

63.  55 

6937 

23.  927 

27.6 

40.4 

36  27  51. 73 

6970 

16.  496 

42.  0 

26.  0 

61  41  26.  65 

—  4  36.  10 

+  0.99 

-0.  09 

63. 99 

7024 

22.  789 

35.5 

32.0 

61  51  02.10 

7073 

16  919 

31.  7 

36  7 

36  Ul  44. 71 

+  3  38. 10 

-  0.  47 

+0.  06 

61.39 

7100 

27. 171 

48.6 

19.0 

42  45  25. 12 

7166 

1  *2.  3 1 6 

18  5 

49  0 

55  33  14.  42 

—  9  11.94 

0.28 

-0.  16 

67.39 

7215 

24. 742 

26.  1 

41.6 

57  07  14.68 

7277 

14. 849 

43.2 

25.0 

. 

40  40  33. 76 

+  6  07. 57 

+  0.84 

+0.10 

62. 73 

5271 

23. 190 

25.0 

46.  S 

42  48  29.57 

5313 

10  023 

34  0 

38  5 

55  06  34.73 

+  2  34. 45 

—  8. 15 

+0.  04 

53. 49 

.Tune  17. 

5415 

27. 648 

34.0 

38.7 

58  16  11.00 

5460 

13  071 

38  7 

34  2 

40  00  40.  90 

—  8  28. 17 

-  0.15 

—0.  15 

C0.  48 

5545 

10.  277 

43.0 

27.0 

69  02  33. 93 

5624 

28. 253 

20.8 

52.0 

. 

28  35  25.  06 

+11  07.  90 

-  4.09 

+0.21 

63.51 

5693 

25. 271 

15.5 

57.9 

31  54  43.19 

5823 

14. 522 

50.5 

24.7 

65  52  13. 38 

+  6  39.  38 

-  5.15 

+0.12 

. 

62.  63 

5853 

24.  501 

34.0 

41.3 

49  49  38. 64 

5911 

15  376 

26.  8 

49  0 

48  21  58.  47 

—  5  39.  04 

-  9.15 

—0.  09 

60. 27 

6114 

13.  512 

41.0 

34. 1 

76  58  34.  63 

6157 

24.  619 

40.  9 

34.  7 

20  47  40.58 

+  6  52. 68 

4-  4.  06 

+0.15 

64.  49 

6268 

15.  650 

39.8 

39.0 

39  26  14.  66 

62RQ 

$3  606 

51  1 

24  5 

58  43  32.  44 

—  4  55.61 

+  9.  42 

—0.  09 

67. 27 

6401 

19.  939 

34.0 

42.0 

49  17  21.72 

6470 

pn  434 

48  0 

28  9 

48  41  56.  33 

+  0  18. 39 

+  3.63 

0. 00 

Cl.  04 

5026 

16. 110 

27.  5 

33.  5 

38  44  31. 18 

31  3 

59  24  46.  50 

-  4  33.76 

-  2.33 

— 0.  08 

62. 67 

June  18. 

5271 

21. 561 

32.8 

28.8 

42  48  29.  87 

:i8  8 

55  06  35.  02 

+  2  34. 19 

-  3.97 

+0.04 

62.  71 

5415 

26. 820 

44.4 

11.8 

58  16  It. 29 

5460 

13. 307 

09.5 

51.8 

40  00  47. 17 

-  8  22. 08 

-  3.04 

-0.  15 

43  59  63.  96 
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Observations  for  Latitude.— Station  JSTo.  3 — Continued. 


B.  A.  C. 
No. 

BeadiDgs. 

Declination. 

Corrections. 

Latitude. 

Bernards. 

Microrn. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Eefrac. 

Red.  to 
merid. 

N 

s. 

m  s. 

Of  ft 

/  II 

// 

II 

n 

O  /  II 

5502 

11.  642 

28.0 

32.9 

55  29  39. 79 

5523 

28.  471 

24.  8 

36.  0 

42  09  45.  48 

+10  25. 28 

-  4.99 

+0. 19 

48  59  63. 11 

June  18. 

5545 

10. 381 

31.7 

29.9 

69  02  34. 25 

5G24 

28.  305 

21.  6 

38.  8 

28  35  25.  31 

+11  05.97 

-  4.77 

'+0.21 

61.20 

5644 

17.  174 

29.8 

30.  1 

42  27  56. 29 

5G58 

21.  800 

20.  0 

40.  7 

55  38  05.81 

—  2  51.  88 

-  6.23 

—  0.  05 

62.  89 

5693 

25. 067 

24.3 

35.7 

31  54  43. 46 

5823 

14.  337 

28.  5 

32.  6 

65  52  13.  72 

+  6  38. 67 

-  4.81 

+0. 12 

62.57 

5853 

24.  095 

22.  3 

38.3 

49  49  37. 19 

5911 

14.  8c8 

29.  0 

32.2 

48  21  58  79 

-  5  42.  09 

-  5.95 

—0.  09 

59. 86 

6114 

13.  223 

30.9 

31.7 

76  58  34.  97 

G157 

24.  578 

19.  5 

43.  4 

20  47  40  85 

+  7  01.90 

-  7.66 

+0. 15 

62. 30 

6268 

15.  653 

28.0 

35.2 

39  26  14.97 

6289 

23.  287 

20.  8 

40.  7 

58  43  32  79 

—  4  43.64 

—  8.40 

-0.  08 

61.  76 

6318 

13.  031 

40.5 

22.7 

59  27  46.  56 

6365 

27.  387 

11. 1 

52.8 

38  14  54.26 

+  8  53.  40 

-  7.41 

+0. 16 

66.  56 

6421 

19.815 

42.6 

21.3 

49  17  22. 05 

6476 

20. 705 

26.4 

37.  7 

48  41  56.66 

+  0  33.  07 

+  3. 10 

+0.01 

65. 13 

6553 

18. 022 

30.4 

33.8 

32  18  03. 04 

6586 

21.  036 

32.2 

32.1 

65  45  47.76 

-  1  51.99 

-  1.02 

-0.  04 

62.  35 

6624 

22.  428 

38.2 

26.1 

40  07  30. 27 

6681 

16.  991 

14.5 

50.  7 

57  46  08.51 

+  3  22.  01 

-  7.47 

+0.  06 

63.  99 

6728 

17.  096 

38.6 

26.9 

43  25  12.  66 

6748 

21.  397 

17.3 

48.3 

54  40  25.  32 

-  2  39.  80 

-  5.98 

-0.  04 

. 

63.17 

6780 

19.  587 

33.0 

32.6 

57  42  40. 50 

6817 

20.  540 

18.  4 

48.7 

40  16  29.  77 

+  0  35.  C3 

-  9.27 

+0.01 

61.50 

6937 

16.  043 

24.5 

42.6 

36  27  58. 32 

6970 

23.  580 

46.8 

20.5 

61  41  27.26 

-  4  40.04 

+  2.54 

-0. 08 

62.21 

7024 

17.311 

33.8 

33.6 

61  51  03.30 

7073 

23.  087 

39.0 

28.  7 

36  01  45.29 

+  3  34.  61 

+  3.20 

+0.06 

62. 22 

7100 

11.  517 

33.7 

33.9 

42  45  25. 69 

71GG 

26.  487 

40.  C 

26.8 

55  33  15.05 

—  9  16.  21 

+  4.25 

-0.17 

68.24 

4897 

14.  846 

36.6 

32.4 

38  20  10.  93 

** 

4918 

21.  890 

28.  6 

40.  8 

59  48  46.28 

-  4  21.72 

-  2.48 

-0.  08 

64.  32 

June  19. 

5026 

14. 241 

25.0 

44.3 

38  44  31.41 

5097 

21.  570 

31.  8 

37.  7 

59  24  46.77 

—  4  32.31 

-  7.81 

-0.08 

58.  89 

5271 

20. 579 

33.0 

36.0 

42  48  30. 19 

5313 

16.  433 

28.  7 

40.5 

+  2  34. 03 

-  4.59 

+0.04 

62.24 

5502 

9.  573 

35.3 

33.0 

55  29  40. 10 

5523 

26.  477 

19.  2 

49. 2 

42  09  45.  77 

+10  28.  07 

-  8.59 

+0.19 

62.  61 

5545 

8.  678 

43.5 

25.5 

69  02  34.  57 

5G24 

26.  669 

16.  0 

52.  5 

28  35  25.  57 

+11  08. 46 

_  5.  74 

+0.21 

63.  00 

5644 

15.  959 

39.8 

29.0 

42  27  56. 59 

5658 

20.  472 

19.  8 

49.  1 

55  38  66.  14 

—  2  47.68 

-  5.74 

-0.05 

67.  89 

5093 

23.419 

25.7 

43.2 

31  54  43.  74 

5823 

12.  806 

31.  5 

39.  3 

65  52  14.  0G 

+  6  34. 33 

—  7.84 

+0. 12 

55.51 

5853 

23.  078 

32.  1 

33.2 

49  49  37.  52 

5911 

13.  938 

24.  8 

4  j.  0 

48  21  59. 12 

—  5  39.  60 

-  8.  46 

—0.  09 

60. 17 

0114 

12.434 

50.0 

21.  1 

76  58  35.  31 

6157 

23. 801 

14.0 

57.0 

20  47  41.13 

+  7  02.  34 

-  4.56 

+0. 15 

. 

48  59  06.15 
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Observations  for  Latitude.— Station  No.  3 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Kefrae. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  It 

n 

II 

II 

O  1  II 

6268 

14.  663 

25.0 

46.5 

39  26  15.  29 

6289 

22  313 

31,  4 

40.  6 

58  43  33. 15 

—  4  44.24 

—  9.52 

—0.  08 

48  59  00.38 

6318 

9. 954 

36.0 

35.6 

59  27  46.  92 

6365 

24  206 

21.  5 

50.  0 

38  i4  54.58 

+  8  49.  53 

—  8.  71 

+0.16 

61.  73 

6421 

19. 276 

33.7 

38.0 

49  17  22.  40 

6476 

20. 063 

24.0 

47.8 

. 

48  41  57.01 

+  0  29. 24 

-  8.71 

+0.01 

60. 25 

6553 

17. 208 

26.0 

45.9 

32  18  03. 35 

6586 

20.  052 

27.0 

45.3 

. 

65  45  48. 12 

-  1  45.  67 

-11.  84 

-0.03 

. 

48  59  58. 19 

Ill 


Kemarks. 


Jane  19. 


Mean  latitude  (74  determinations),  49°  00'  02".50. 

e  =  ±  3".164 
r0=  ±  0".243 


18  7  3 


UNITED  STATES  NORTHERN  BOUNDARY. 
Observations  for  Latitude. 


[Astronomical  Station  Ho.  4,  west  side  of  Pembina  Mountain,  47  miles  west  of  Pembina. — Observer,  Lewis  Boss. — Zonith 
Telescope,  Wiirdemaun  Ho.  20. — Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Bemarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Befrac. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

or  n 

/  n 

II 

II 

II 

Of  II 

5271 

20.  683 

27.0 

28.2 

42  48  31.47 

5313 

16. 170 

22.8 

31.9 

. 

55  06  36. 84 

+  2  20.  C3 

-2.  30 

+0.04 

48  59  51.92 

June  25. 

5415 

26.  781 

27.2 

26.4 

58  16  13. 20 

5460 

10.  031 

26.  7 

27.  3 

40  00  49.  00 

-  8  39.71 

+0.  04 

-0. 15 

51.28 

5502 

8. 951 

26.5 

27.7 

55  29  41.  77 

5523 

28.  558 

28.2 

26.2 

42  09  46. 12 

+10  08.36. 

+0.18 

+0.18 

52.  67 

5545 

8.756 

27.9 

26.8 

69  02  36.  28 

5624 

27.  719 

23.  6 

31. 2 

28  35  26.  99 

+10  50.  43 

-1.  45 

+0.21 

50.  82 

5693 

25.  658 

26.8 

28.2 

31  54  45.26 

5823 

13.  339 

25.  6 

27.  8 

65  52  15.  99 

+  6  22. 23 

-0.  80 

+0.12 

52. 17 

5853 

24.  591 

30.0 

23.5 

49  49  41. 17 

5911 

13.  059 

19.9 

35.0 

48  22  01.01 

—  5  57.  81 

-1.92 

-0. 10 

51.  26 

6047 

27.418 

28.0 

27.3 

72  12  34.  74 

6073 

10.  961 

21,2 

34.  3 

26  04  14.  56 

—  8  30.62 

-2.72 

-0. 16 

51.  10 

6114 

11.504 

26.2 

29.0 

76  58  37.  41 

6157 

24. 548 

21.7 

33.5 

20  47  42.52 

+  6  44.  72 

—3. 26 

+0.14 

51.  56 

6268 

12. 267 

26.6 

28.2 

39  26  17.  23 

6289 

22. 118 

29. 1 

25.  6 

58  43  35.  28 

—  5  05.  65 

+0.42 

-0. 09 

50.  94 

6421 

18. 816 

28.2 

26.7 

49  17  24.  50 

6476 

19. 160 

25.  4 

29.3 

48  4 1  59. 12 

+  0  10.  67 

—0.  53 

0.  00 

51.  95 

6553 

16. 190 

27. 1 

28.0 

32  17  65. 22 

6586 

20. 212 

25.8 

30.0 

65  45  50.  33 

—  2  04.  79 

—  1. 14 

-0.  04 

51. 80 

6624 

21. 120 

24.0 

31.4 

40  07  32.  61 

6681 

15. 286 

28.2 

27.4 

57  46  11.  10 

+  3  01.  01 

-1.47 

+0.05 

51.  45 

6728 

16. 333 

22.4 

33.3 

43  25  15.  07 

6748 

22.  091 

29.3 

26.7 

54  40  27. 85 

-  2  58. 66 

—1.  85 

-0.05 

. 

50.90 

6780 

19.  047 

29.0 

27.0 

57  42  43.  05 

6817 

19. 585 

22.2 

33.3 

40  16  32. 13 

+  0  16. 69 

-2.03 

0.00 

52.25 

4937 

27. 704 

28.0 

27.8 

50  09  00.  84 

4974 

9. 976 

24.8 

32.1 

48  09  04. 85 

-  9  09.  99 

-1.61 

-0.16 

. 

51. 09 

June  20. 

5026 

15. 018 

27.  0 

30.5 

38  44  32.91 

5097 

24. 325 

31.0 

27.2 

59  24  48.29 

—  4  48.77 

+0.07 

-0.  08 

51. 82 

5271 

21. 552 

30.0 

29.3 

42  48  31. 70 

5313 

17. 118 

28.0 

31. 1 

55  06  37.  03 

+  2  17. 58 

-0.53 

+0.04 

51. 46 

5415 

27.  081 

30.4 

29.2 

58  16  13.  41 

5460 

10.  347 

28.  1 

32.2 

40  00  49.29 

-  8  39.21 

—0.  65 

-0.15 

51.31 

5502 

9.213 

31.2 

29.3 

55  29  42.  00 

5523 

28.  824 

27.3 

33.2 

42  09  46.  33 

+10  08.  48 

—0.  89 

+0.18 

51.  94 

5545 

8.800 

32.6 

28.2 

69  02  36. 52 

5624 

29.  767 

26.6 

35.8 

28  35  27. 17 

+10  50.  55 

-1.07 

+  0.21 

48  59  51.  54 
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Observations  for  Latitude — Station  An.  4 — Continued. 


B.  A.  C. 
No. 

Readings. 

Declination 

Corrections. 

Hicroru. 

Level. 

Merid 

diet. 

Microm. 

Level. 

Refi  ac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  / 

It 

II 

II 

5644 

15.  426 

29.7 

32.6 

42  27  58.  47 

5658 

21.  646 

33.  7 

28.  8 

55  38  08.  47 

-  3  12.99 

+  0.44 

-0.  05 

5693 

25.  300 

27.8 

35.0 

31  54  45.46 

5823 

13.  026 

36.2 

27.3 

. 

65  52  16. 25 

+  6  20.  83 

+  0.  38 

+  0. 12 

5853 

25.  458 

32.  1 

31.3 

49  49  41. 42 

5911 

13.  906 

28. 1 

35.  6 

48  22  01.  27 

—  5  58.  43 

-1.  49 

-0.  10 

6047 

27.674 

26.0 

26.4 

72  12  35.  03 

6073 

11.  ICO 

24. 1 

28.2 

26  04  14.  78 

-  8  32.  39 

-1.  CO 

-0. 16 

6114 

12.  065 

25.0 

27.0 

76  58  37.  69 

6157 

25.  071 

25.  0 

27.  6 

20  47  42.  72 

+  6  43.  54 

-1.  03 

+  0.14 

6268 

14.  321 

22.9 

30.2 

39  26  17.  50 

6289 

24. 150 

29.4 

23.8 

58  43  35.58 

-  5  04.  94 

-0.  38 

-0.  09 

. 

6318 

12.  273 

25.  4 

27.4 

59  27  49.  38 

6365 

28.  711 

23.  6 

29.  1 

38  14  56.80 

+  8  30.  03 

—  1.  67 

+0.  15 

6421 

18. 152 

27.0 

26.5 

49  17  24.  79 

6476 

18.  491 

22.  5 

30.  9 

48  41  59.40 

+  0  10.52 

-1.  76 

0.  00 

6583 

16.  714 

24.0 

29.0 

32  18  05.  49 

6586 

20.  743 

25.  3 

28.0 

65  45  50.  66 

—  2  05.  01 

-1.  72 

—0.  04 

6624 

22. 665 

27.7 

25.4 

40  07  32.90 

6681 

16.  820 

21.1 

32.  2 

. 

57  46  11.42 

+  3  01. 36 

-1.96 

+0.  03 

6728 

16. 172 

21.0 

32.8 

43  25  15.  37 

6748 

21.  940 

29.0 

24.7 

54  40  28.  17 

-  2  58.  97 

-1.67 

-0.  04 

. 

6780 

18. 355 

27.1 

26.7 

57  42  43.  37 

C817 

18.  853 

22.5 

31.3 

. 

40  16  32.  43 

+  0  15.  45 

-1.87 

0.  00 

6937 

13.  997 

27.0 

27.8 

36  27  54.  83 

6970 

23.  302 

24.0 

31.1 

61  41  30.  09 

-  4  48.  71 

-1.76 

-0.  08 

. 

7024 

14.  853 

31.4 

23.3 

61  51  06. 10 

7073 

21.  520 

19.  6 

35.  4 

36.  01  47.  76 

+  3  26. 86 

-1.  72 

+0. 06 

7100 

10.  094 

25.  4 

29.3 

42  45  26.41 

7166 

28.  424 

25  8 

29.  9 

55  33  17.  80 

—  9  28.  73 

-1.  78 

-0. 16 

7215 

14.  057 

30.  1 

25.4 

57  07  18. 02 

7277 

25.  596 

20.  8 

35.  5 

40  40  36.62 

+  5  58. 03 

-2.  23 

+0. 10 

7320 

21.313 

29.9 

26.2 

38  09  15.  01 

7-Yr.  2395 

15.  773 

21.  3 

35.0 

. 

59  44  51.93 

+  2  51.  89 

-2.23 

+0.  03 

. 

7377 

19.  120 

24.5 

31.9 

59  27  41.  79 

7398 

10.  220 

27.2 

29.4 

38  51  38.  99 

-  9  40.  42 

-2.14 

-0.  17 

. 

7416 

24.  079 

24.  5 

32.4 

62  02  40.  55 

7453 

14.  472 

27.8 

29.2 

36  07  02. 96 

-  4  58.  08 

-2.  07 

-0.09 

. 

7480 

17.  090 

31.  8 

25.0 

45  58  43.  39 

7489 

19.  353 

20.  3 

36.  4 

52  03  26.  27 

-  1  10.21 

i" 

o 

ci 

1 

-0.  02 

7505 

17.  399 

26.7 

29.8 

37  57  47.  80 

7605 

21.  284 

24.  9 

32.  0 

60  06  00.90 

-  2  00.  54 

-2.27 

-0.  03 

7627 

21.610 

26.4 

30.2 

25  19  37.34 

15,  899 

25  3 

31  2 

72  34  17  95 

+  2  57. 20 

—2.  16 

+  0.C6 

7755 

16. 174 

32.0 

25.3 

58  47  05.  76 

77^5 

93  647 

?n  9 

36  0 

39  04  58  99 

-f  3  51.87 

-2.  23 

+0.  07 

4937 

28. 191 

30.9 

25.7 

50  08  60.  92 

4974 

10.  209 

39.  2 

19.  0 

48  09  04.  96 

—  9  17.94 

+5.69 

-0. 16 

5026 

18. 927 

31.0 

27.2 

38  44  33.  01 

5097 

28.  265 

29.2 

32.0 

59  24  48.  43 

-  4  49.  73 

+0. 22 

-0.  08 

Latitude. 


o  /  n 
43  59  50.  87 

52. 19 

51.33 

51.36 

52.85 

51.13 

51.60 

50.85 
51.31 
51. 59 
51.09 
51.48 
51.91 

52.13 
51.44 

53.22 

53.16 

51.66 

51.52 

52.  53 
51.51 
52.  75 
52.  C8 

50.53 
48  59  51. 14 


8 


Remarks. 


June  26. 


Rejected 

Rejected, 


June  27. 
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Observations  for  Latitude. — Station  No.  4 — Continued. 


B.  A.  C. 
2sro. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Mierom. 

Level. 

Merid 

dist. 

Mierom. 

Level. 

Eefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

u 

// 

1/ 

O  /  II 

5271 

21.  028 

27.0 

28.7 

42  48  31.  92 

5313 

17.  220 

28.  3 

27.  1 

55  06  37.24 

-f  2  16.77 

-0. 11 

40.04 

_  48  59  51.  28 

June  27. 

5415 

27.  762 

29.5 

25.  6 

58  16  13.  63 

5450 

11.  010 

27.  0 

28.  3 

40  00  49.47 

—  8  39.  77 

4  0.  58 

-0. 15 

52.  21 

5502 

9.401 

32.  4 

22.3 

55  29  42.  22 

5523 

29.  009 

21.5 

34.  0 

42  09  4G.  54 

+10  08.  39 

-0.53 

40. 18 

52.  42 

5853 

25.  1 58 

31.0 

26.2 

49  49  41.  66 

5911 

13.  555 

24.3 

33.  2 

48  22  01.  52 

-  6  00.01 

-0.  91 

-0.  10 

50.  58 

0147 

£6.  368 

34.0 

23.4 

72  12  35.  29 

5073 

9.  814 

22.  0 

35.  4 

26  04  14.  98 

—  8  33.  63 

-0.  C2 

-0. 16 

50.  73 

6114 

12.  071 

28.5 

28.3 

0  59 

70  58  37.  96 

0157 

25.  C01 

27. 1 

30.4 

£0  47  42.91 

4  6  41. 19 

-0.  69 

40.14 

40.21 

51.  29 

6268 

14.  417 

26.9 

31.  3 

39  26  17.  76 

6280 

24.  251 

30.5 

27.4 

10 

58  45  35.  88 

-  5  05. 12 

-0. 29 

-0.09 

40.  03 

51.  35 

5271 

20.  694 

25.5 

30.  9 

42  48  32.  42 

5313 

16  306 

32. 1 

24.8 

55  0G  37.  06 

4  2  16.15 

+  0.  42 

40.03 

51.  64 

June  29. 

5415 

27.  413 

30.5 

26.3 

58  16  14.  05 

5400 

10.  648 

27.  8 

29.6 

40  00  49.  90 

—  8  40. 18 

4-0.  53 

-0. 15 

52. 19 

5502 

9.152 

29.6 

28.  0 

55  29  42.  68 

5523 

28.  712 

27.8 

30.2 

42  09  46.97 

4 10  06.80 

-0. 18 

40. 18 

51.  73 

5545 

9.186 

27.0 

31.3 

C9  02  37.  22 

5624 

30.  070 

32.3 

26.2 

28  35  27.72 

+10  47.  98 

4-0.  40 

40.  21 

51.  06 

5044 

15.  886 

25.7 

32.6 

42  27  59. 14 

5058 

22. 112 

34.6 

21.1 

55  37  09.  £0 

—  3  13. 18 

4-0.  80 

-0.06 

51.  73 

5003 

25.  875 

28.8 

29.9 

31  54  46.05 

5823 

30.2 

29.2 

G5  52  17.04 

4  6  19.16 

-0.  02 

40. 11 

50.  80 

5853 

25.  371 

30.0 

29.  2 

49  49  42.18 

5911 

13.  740 

29.0 

30.8 

48  22  02.  04 

-  6  00.  88 

-0.22 

-0. 10 

50.  91 

6114 

9.  427 

32.5 

26.  4 

76  58  38.  51 

6157 

22.  325 

28.  1 

30.5 

20  47  43.29 

4  6  40.19 

4-0.83 

40. 14 

52.  06 

6268 

14.218 

29.0 

29.5 

39  26  18. 27 

6289 

24.  099 

31. 1 

27.9 

58  43  3G.  47 

—  5  06.58 

4-0.  00 

-0.  09 

51.  30 

6421 

19.  707 

31.2 

27.2 

49  17  £5.  66 

6476 

19.  956 

27.3 

30.7 

48  41  60.26 

+  0  07.  73 

4  0. 14 

0.  00 

50.  83 

6047 

27.  477 

25.4 

26.3 

72  12  36. 1C 

6073 

10.  840 

30.  4 

21.  7 

26  04  15.  63 

-  8  30.  20 

41.74 

-0.  16 

51.  27 

June  30. 

6114 

12.  223 

27.9 

24.3 

76  58  38.  81 

6157 

25.  082 

29.7 

22.3 

20  47  4  j.  49 

+  6  38.  98 

42.  45 

40.14 

52.  72 

6268 

13.  363 

28.2 

24.  3 

39  26  18.  55 

6289 

23.  267 

28.4 

23.  3 

58  43  36.  78 

-  5  07.  30 

42.01 

-0.  09 

52.  29 

6318 

11.  690 

26. 3 

26.3 

59  27  50.  58 

6365 

27.  982 

29.5 

23.2 

58  14  57.86 

+  8  25. 50 

41.  40 

40.15 

51.27 

6421 

18.489 

25.2 

27.0 

49  17  25.  96 

0476 

18.  723 

28.3 

24.  G 

48  41  60.  56 

4  0  07.26 

40.29 

0.  00 

50.  81 

6553 

16.  422 

25.5 

27.3 

32  18  06.  49 

6586 

20.  551 

28.  7 

24.7 

65  45  51.  CO 

-  2  OR.  1 1 

40.49 

-0.  04 

51.  54 

6624 

22. 180 

27.8 

25.0 

40  07  34. 00 

6681 

10.  433 

20.4 

27.0 

57  46  12.  64 

-f  2  58.  31 

40.36 

4  0.  03 

52.  02 

6780 

18.  039 

30.5 

24.0 

57  42  44.  60 

6817 

19.  040 

24.3 

29.8 

40  10  33.54 

+  0  12.  44 

40.  22 

0.  00 

48  59  51.  73 
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Observations  for  Latitude. — Station  No.  4 — Continued. 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Herid 

dist. 

Microm. 

Level. 

Refrac. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

o  /  n 

/  // 

II 

II 

n 

o  /  n 

C937 

14.  652 

24.2 

30.  7 

36  27  55.  90 

C970 

24.  076 

31.2 

23.  7 

61  41  31.31 

-  4  52.40 

+  0.22 

-0.  03 

48  59  51. 35 

Juno  30. 

7024 

15. 984 

30.4 

24.  6 

01  51  07.  33 

7073 

22.  514 

25.  1 

30. 1 

36  01  48.83 

+  3  22.  61 

+  0.18 

+0.  06 

50.  93 

7100 

11.  775 

27.0 

28.2 

42  45  27.  53 

7166 

31)  202 

29.  0 

26.  2 

55  33  18.  97 

1 

w 

+  0. 36 

-0.16 

» 

51. 71 

7215 

13. 344 

27.7 

27.3 

57  07  19.22 

7277 

24  700 

28.  3 

27.  2 

40  40  37.  69 

+  5  52.  35 

+  0.  33 

+0. 10 

51.23 

7320 

21.  468 

28.2 

27.4 

38  09  16.07 

7-Yr.  2395 

16. 106 

28.0 

27.3 

59  44  53. 08 

+  2  46.  37 

+0.33 

+0.  03 

. 

51.31 

7377 

28.  544 

27.  4 

28.0 

59  27  42.  94 

7398 

9.  536 

28.  4 

27.  3 

38  51  40.  04 

—  9  49.  77 

+0.11 

—  0.  17 

51.66 

7416 

24.  860 

29.2 

26.4 

62  02  41.  73 

7453 

15. 138 

27.  0 

28.9 

36  07  04.  01 

—  5  01.65 

+0.20 

-0.  09 

51.  33 

7480 

18.  406 

26.8 

29.0 

45  58  44.  45 

7489 

20  781 

29.  6 

26.  2 

52  03  27.  37 

-  1  13.  C9 

+0.27 

-0.  02 

52. 47 

7505 

16.  600 

29.1 

26.8 

37  57  48.  84 

7605 

20.  604 

28. 1 

27.  9 

60  06  01.  97 

-  2  04.  23 

+0.  56 

-0.  03 

51.70 

7627 

21. 201 

27.8 

28.0 

25  19  38.  26 

7686 

15. 644 

28.1 

27.3 

. 

72  34  18.  96 

+  2  52.  42 

+  0.14 

+0.  06 

51.23 

7755 

15. 145 

27.6 

27.8 

58  47  06  83 

7765 

22.  486 

29.3 

26.2 

39  04  59.  98 

+  3  47. 77 

-f-0.  65 

+0.07 

48  59  51.  90 

Mean  latitude  (79  determinations),  48°  59'  51".55. 

c  =  0".53 
t  =  0".35 

£fj  =  0".06 

t0  =  0".04 


1873. 

UNITED  STATES  NOETHEEN  BOUND AEY. 

Observations  for  Latitude. 

I  Astronomical  Station  No.  5. — Long  River,  77  miles  west  of  Pembina.— Observer,  J.  F.  Gregory,  Lieutenant  United  States 
Engineers  — Zenith  Telescope,  Wiirdemann  No.  20.— Chronometer,  Negus  Sidereal  No.  1181.] 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm 

Level. 

Merid. 

diet. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

O  I  /' 

/  II 

// 

II 

II 

O  1  II 

5415 

2«.  092 

28.0 

27.2 

58  16  10.  35 

540*0 

11.  438 

31.3 

24.  8 

40  00  51.97 

—  8  36.73 

+  1.  63 

-0. 15 

48  59  58.  91 

July  9. 

5502 

9.  210 

28.5 

27.8 

55  29  45. 11 

5523 

28.  890 

29.  4 

2G.  9 

42  09  49.29 

+10  10.62 

+0.  71 

+0.18 

58.71 

5853 

25. 176 

30.  3 

23.7 

49  49  45.02 

5911 

13.  710 

27.  0 

32.7 

48  22  04.93 

-  5  55.  58 

-0.91 

-0. 10 

58.  39 

6047 

26.  603 

30.8 

30.0 

72  12  39.  02 

6073 

10.  205 

27.7 

32.  8 

26  04  17.75 

—  8  28.  79 

-0.  96 

-0.16 

58.48 

6114 

12. 145 

30.  1 

30.  5 

76  58  41.  72 

6157 

25.  251 

27.5 

33.3 

20  47  45.59 

+  6  46.  65 

-1.38 

+0.14 

59.  06 

6268 

13.  756 

30.  5 

31.0 

39  26  21.  30 

6289 

23.  480 

31.0 

30.  5 

58  43  39.86 

-  5  01.  71 

0.  00 

-0.09 

58.78 

6318 

11.  290 

31.0 

30.3 

59  27  53.  67 

6365 

27.  784 

29.2 

32.6 

38  15  00.  G4 

+  8  31.  77 

-0.  60 

+0. 15 

58.48 

6421 

19.  463 

31.  0 

31.2 

49  17  28. 95 

6476 

19.  855 

29.0 

33.2 

48  41  G3.  G4 

+  0  12. 16 

-0.98 

+0.  00 

57.48 

6553 

16. 791 

30.0 

32.3 

32  17  69. 19 

6586 

20.  708 

31.  C 

31. 1 

65  45  55. 16 

-  2  03.  40 

-0. 40 

-0.  04 

58.  33 

6624 

22.  020 

31.2 

32.  0 

40  07  36.  95 

6681 

16. 156 

33.  0 

31.1 

57  45  75. 87 

+  3  02. 13 

+0. 25 

+0.05 

. 

58.84 

6728 

16.  264 

31.6 

33.0 

43  25  19.  56 

6748 

21.  990 

32.0 

32.5 

. 

54  40  32. 64 

-  2  57.  66 

-0.  42 

— 0. 05 

57. 97 

6780 

19.  043 

31.0 

33.7 

57  42  47.  88 

6817 

19.  008 

31.2 

33.3 

. 

40  16  36.  53 

+  0  17.  53 

-1.07 

+0. 00 

58. 66 

7024 

15.  670 

33.5 

32.  0 

61  51  10.62 

7073 

22. 387 

29.2 

36.4 

26  01  51.  74 

+  3  28.  41 

-1.27 

+0.06 

58.  38 

7100 

08. 754 

33.9 

31.9 

42  45  32.  52 

7166 

27.  040 

30.  6 

35.3 

. 

55  33  22. 21 

-  9  27.  37 

-0.  60 

-0. 17 

59. 22 

7215 

13.501 

32. 1 

33.6 

57  07  22.  37 

7277 

35.  010 

33.  5 

32.6 

40  40  40.  94 

+  5  57. 10 

-0. 14 

+0. 10 

58.  71 

7320 

21.919 

34.0 

31.9 

38  09  19.00 

7-Yr.  2395 

16.  407 

31.  9 

54.  1 

59  44  56.2(5 

+  2  51.  02 

-0.02 

+  0.05 

58.  68 

7377 

28.  700 

30.  G 

35.  3 

59  27  45  84 

7398 

9.  t02 

33.5 

30.  G 

38  51  42.  96 

-  9  40. 36 

+0.  04 

-0.18 

57.  90 

7416 

23.  617 

29.  8 

36.2 

62  02  44.  87 

7453 

14.  045 

37.  1 

29.2 

. 

36  07  06.  83 

-  4  57.  CO 

+0.  33 

-0.09 

59.  09 

7480 

17.  981 

34.  3 

32.1 

45  58  47.  44 

7489 

20.  250 

32.2 

34.3 

. 

52  03  30.  41 

-  1  10.  40 

+0.  02 

-0.  02 

58.  52 

7505 

16.  876 

34.  0 

32.7 

37  57  51.  70 

7605 

20.  777 

34.0 

33.5 

60  06  05. 42 

-  2  01.04 

+0.  40 

-0.  03 

48  59  57.  89 
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Observations  for  Latitude. — Station  No.  5 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

(list. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  •  n 

/  n 

„ 

II 

II 

or  ii 

7627 

22. 143 

34.5 

32.8 

25  19  40.80 

7686 

16.  391 

30.  7 

37.  1 

72  34  21.  82 

+  2  58.  47 

—1.  05 

+0.  06 

48  59  58.  79 

July  9. 

7755 

15. 533 

34.1 

33.7 

58  47  09.  69 

7765 

23.  058 

29.  5 

38.  5 

39  05  02.  71 

+  3  53.  48 

—  1.92 

+  0.  07 

57.  83 

7787 

16.  456 

33.5 

34.2 

52  01  05.  78 

7800 

21  428 

31. 1 

37.  0 

45  53  44.21 

-\-  2  34.  27 

—1.  47 

+0.  04 

57.  83 

7820 

12. 522 

34.5 

33.2 

43  49  51.  22 

7882 

26.  590 

30.  7 

3).  7 

49  24  41.  57 

7  16.  49 

—1. 17 

—0. 13 

£8.  60 

5271 

20.  965 

27.9 

22.7 

42  48  34.  48 

5313 

16.  360 

20.  8 

30.  6 

55  06  39.  52 

+  2  22.  88 

—1.03 

+0.  04 

58.  89 

July  10. 

5415 

27.  657 

26.0 

26.0 

58  16  16.  49 

5460 

11. 060 

24.  3 

28.  0 

40  00  52.  11 

8  34.96 

— 0.  83 

—0.  15 

58.  36 

5502 

9.644 

26.9 

25.7 

55  29  45. 27 

5523 

29  384 

26.  6 

29.  0 

42  09  49.  45 

+  10  12.48 

— 0.  27 

+0. 18 

59.  75 

5545 

8.  431 

25.6 

27.1 

69  02  39.  90 

5624 

29.  490 

25.  5 

28.  0 

28  35  30.  0 1 

+  10  53.41 

-0.  89 

+  0. 21 

57.  69 

5644 

16.030 

26.3 

26.8 

42  28  01.79 

99  084 

24.  6 

28.  5 

55  38  11.  93 

—  3  07.  84 

0.  98 

—0.  05 

57.  99 

5853 

25. 141 

27.0 

26.2 

49  49  45. 23 

5911 

1 3.  7U8 

23.  6 

29.  4 

48  22  05. 15 

5  54.  74 

—1. 11 

-0. 10 

59. 24 

5502 

9.  359 

26.8 

28.0 

55  29  44.  41 

5523 

29  092 

25.  9 

28.  9 

42  09  49.60 

+10  12.27 

-  0.  94 

+  0. 18 

58.  51 

July  11. 

5545 

8.  358 

30.8 

24.2 

69  02  40.  06 

5624 

29.  434 

22.  2 

33.  2 

28  35  30. 14 

+  10  53.93 

— 0.  98 

+0.21 

58. 20 

5644 

16.517 

27.5 

27.8 

42  28  01.96 

5658 

22.  597 

26.  7 

28.  6 

55  38  12.23 

3  08.65 

—0.  49 

-0.  05 

57.91 

5693 

24.  571 

28.0 

27.3 

31  54  48.  63 

5823 

^^>  190 

28  9 

27  7 

C5  52  20.  37 

+  6  23.  97 

+0.  42 

+  0.11 

59.  CO 

5853 

25.  508 

28. 1 

28.4 

49  49  45.  44 

5911 

14.  023 

27.  6 

29.  1 

48  22  05.  36 

—  5  56. 35 

0.  40 

-0. 10 

58.  55 

6047 

26.  490 

28.4 

23.0 

72  12  39.  51 

6073 

10.  035 

28.  0 

28.  0 

26  04  18.  11 

—  8  30.  56 

+0.  09 

-0. 16 

58. 18 

6114 

12.  568 

29.0 

26.9 

76  58  42.  25 

6157 

25.  598 

27.  3 

28.2 

20  47  45.83 

+  6  44.  29 

+  0.  27 

+0.  15 

58.  75 

6268 

13. 657 

29.2 

26.1 

39  26  21.79 

6289 

23.  449 

29.  2 

26.  1 

58  43  40.  41 

—  5  03.  82 

+  1.  33 

— 0.  03 

58.  58 

6318 

11.  014 

27.0 

23.5 

59  27  54.  23 

6365 

27.  441 

31.  8 

24.  0 

38  15  01. 14 

+  8  29.  69 

+  1.40 

+  0. 15 

58.  92 

6421 

19. 750 

27.5 

28.6 

49  17  29.  48 

6476 

20.  121 

29.  0 

27.  4 

48  42  04.21 

+  0  11.  52 

+0. 11 

0.  00 

58.  48 

6553 

16.  390 

29.  0 

27.2 

32  18  09.  68 

6586 

20.  403 

27.7 

29.2 

65  45  55. 78 

—  2  04.  51 

+  0.  07 

-0.04 

. 

58.25 

5415 

27. 663 

26.0 

25.  1 

58  16  16.81 

5460 

10. 958 

31.2 

21.0 

40  00  52.  40 

-  8  38.  31 

+2.  47 

-0. 15 

. 

58. 61 

July  12. 

5502 

9.  560 

25.0 

27.2 

55  29  45.  60 

5523 

29.  243 

28.  5 

24  0 

42  09  49.  70 

+10  10.71 

+0.51 

+0. 18 

59.05 

5693 

25. 271 

27.  7 

26.2 

31  54  48.79 

5823 

12  837 

•22  1 

33  0 

65  52  20.  59 

+  6  25.  80 

-2. 10 

+0.11 

58.  50 

6047 

27. 299 

27.  0 

29.2 

72  12  40.01 

6073 

10.  847 

29.0 

27.7 

26  04  18.  48 

-  8  30.  46 

-0. 20 

-0. 16 

48  59  58.  42 

July  13. 
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Observations  for  Latitude. — Station  N'o.  5 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Hicrom. 

Level. 

Merid. 

dist. 

Hicrom. 

Level. 

Kefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

0 

/ 

// 

/  / 

// 

// 

// 

o  /  n 

G114 

12. 438 

27.1 

29.3 

76 

58 

42.  79 

6157 

25.  461 

29.9 

27.0 

£0 

47 

46.  27 

+  6  44.  07 

+0.16 

+0.14 

48  59  58.  90 

July  13. 

6263 

14. 171 

31.1 

25.6 

39 

26 

22.27 

6289 

23.  959 

27.  5 

29.  3 

58 

43 

40.  97 

—  5  03.70 

+0.  83 

-0.  09 

58.  66 

6318 

11.  405 

27.1 

29.6 

59 

27 

54.  79 

6365 

27.  819 

32.0 

25.5 

38 

13 

01.64 

+  8  29. 29 

+0.  89 

+0.15 

58.54 

6421 

19. 551 

28.7 

29.3 

49 

17 

30.  OS 

C476 

19.  883 

29.  0 

29.  6 

48 

42 

04.  76 

+  0  10. 30 

—0.  27 

0.  00 

57.44 

6553 

16. 285 

29.3 

30.0 

32 

18 

10.  16 

6586 

20.  308 

30.0 

29.8 

45 

56.  40 

-  2  04.  82 

-0. 11 

-0.  04 

58.31 

6624 

22.  581 

30.8 

29. 1 

40 

07 

33.05 

6681 

16.  749 

30.2 

30. 1 

57 

46 

17.21 

+  3  00.  95 

+0.  40 

+0.  05 

59. 03 

6728 

15.  530 

31.2 

29.2 

43 

25 

20.71 

6748 

21.308 

30.0 

30.7 

54 

40 

33.  88 

-  2  59.  28 

+0.29 

+0.05 

58. 25 

6780 

18.  545 

27.0 

34.0 

57 

42 

49.15 

6817 

19.  037 

34.4 

27.0 

40 

16 

37.  67 

+  0  15.  27 

+0.09 

0.  00 

58.77 

6937 

14.747 

31.8 

31.0 

36 

27 

59.  95 

6970 

24.  098 

33.0 

30.  0 

61 

41 

35.  92 

-  4  50. 14 

+0.  85 

-0. 09 

58.55 

7024 

15.  478 

26.0 

37.0 

61 

51 

11.94 

7073 

22. 120 

36.7 

26.7 

36 

01 

52.87 

+  3  26.  08 

-0. 22 

+0.06 

58.  32 

7100 

10.  387 

32.2 

31.0 

42 

45 

33.  72 

7106 

28.  708 

30.5 

33.0 

55 

33 

23.51 

-  9  28.  45 

-0.29 

-0. 17 

59.70 

7215 

13.  847 

31.5 

32. 1 

57 

07 

23.  72 

7277 

25.  320 

32. 1 

32.0 

40 

40 

42. 14 

+  5  55.  98 

-0. 11 

+0.10 

58.90 

7320 

21.  691 

32.  5 

31.8 

38 

09 

20. 17 

7-Yr.  2395 

16.  229 

33.1 

31.3 

. 

59 

44 

57.  57 

+  2  49.  38 

+0. 56 

+0.  05 

58.86 

7377 

28.719 

31.4 

33.0 

59 

27 

47.  14 

7398 

9.  813 

33.  0 

32.  0 

38 

51 

44. 13 

-  9  46.  61 

-0.14 

-0. 18 

58.70 

7416 

23.  346 

29.5 

35.2 

62 

02 

46. 17 

7453 

13.  700 

37.4 

27.7 

36 

07 

07.  98 

-  4  59.29 

+0.  89 

—  0.  09 

58.58 

7480 

17.  876 

32.8 

32.5 

45 

58 

48. 67 

7489 

20. 173 

34.  0 

31.  3 

52 

03 

31.68 

-  1  11.27 

+0.  67 

—  0.  02 

59.55 

7505 

17.  833 

34.0 

31. 1 

37 

57 

52.  96 

7605 

21.  7G3 

33.  0 

33.  4 

60 

06 

06.  25 

-  2  01.  94 

+0.56 

0.  03 

58.19 

7627 

21.  973 

34.0 

32. 1 

25 

19 

41.83 

7680 

16.311 

31.0 

72 

34 

23.  08 

+  2  55.  68 

-0.  60 

+0. 06 

57.60 

7755 

15.  928 

33.0 

33.7 

58 

47 

10.06 

7765 

23  437 

30.0 

36.7 

. 

39 

05 

03.87 

+  3  52.  99 

—  1 . 65 

+0.  07 

58.  37 

7787 

10.  812 

31.3 

35.2 

52 

01 

07.  00 

7800 

21.  730 

34.  7 

32.0 

45 

53 

45.  40 

2  32.  59 

-0.27 

+0.  04 

. 

58.56 

7820 

12.  578 

34.  6 

32.0 

48 

49 

52.  4  5 

7882 

26.717 

32.0 

35.0 

49 

24 

42.  81 

—  7  18.70 

-0.  on 

— 0. 13 

58.70 

7962 

27.  692 

36.2 

31.0 

41 

16 

48.  68 

8021 

10.  432 

30.3 

37.  1 

56 

25 

16.  26 

+  8  55.  54 

—  0. 36 

+0. 16 

57.81 

8036 

17. 611 

34.0 

33.6 

49 

21 

36.  59 

8059 

19.  708 

34.0 

33.5 

48 

36 

08.  42 

+  1  05.  06 

+0. 20 

+0.02 

57.39 

8083 

14. 900 

32.4 

35.0 

56 

27 

54.  36 

8128 

23.  707 

3G.  0 

31.  4 

41 

22 

54.  06 

+  4  32.  26 

+0.  44 

+0.08 

57.99 

5693 

24.311 

25.  6 

24.  4 

31 

54 

49.  16 

0823 

1 1.  980 

27.0 

24.8 

65 

52 

21.  07 

+  6  22.  60 

+0.76 

+0.11 

48  59  58. 58 

July  14. 
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Observations  for  La'itude. — Station  No.  5 — Continued. 


B.  A.  C. 
No. 

Leadings. 

Declination. 

Corrections. 

Latitude. 

Bomarks. 

M'crom. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Bofrac. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

n 

n 

o  /  // 

C047 

26.  558 

27.0 

27.0 

72  12  40. 28 

6073 

10.  077 

27.0 

27.0 

26  04  18.68 

-  8  31.36 

0.00 

-0. 16 

48  59  57. 96 

July  14. 

6114 

12.012 

26.2 

27.7 

76  58  43. 03 

C157 

25.  033 

29.0 

24.7 

10 

20  47  46.  47 

+  6  44.  01 

+0. 62 

+0. 14 

+0.  01 

59.  50 

6268 

13.  779 

27.1 

26.0 

39  26  22. 53 

6289 

27.  3 

25.7 

58  43  41.  27 

—  5  03.  39 

+0.  60 

— 0. 09 

59. 02 

6624 

22.  568 

22.  1 

22.1 

40  07  38. 62 

6681 

16.  730 

21.  0 

23.  7 

57  46  17.  86 

+  3  01.14 

-0.  60 

+0.  05 

58.83 

July  15. 

6728 

16. 084 

22.9 

22.0 

43  25  21.32 

6748 

21.916 

23.  6 

21.2 

54  40  34.  53 

-  3  00.95 

+0.74 

—0.  05 

57.  67 

6780 

19.  323 

22.5 

22.1 

57  42  49.  80 

6817 

19.  813 

20.5 

24. 1 

40  16  38.26 

+  0  15. 20 

-0.71 

0.  00 

58.52 

6937 

14.  260 

23.6 

21.  1 

36  28  00.  51 

6970 

23.  573 

17.  5 

27.0 

61  41  36.59 

-  4  48.  96 

—  1.  56 

— 0. 09 

57.94 

7100 

11.119 

21.9 

21.0 

42  45  34.  34 

7166 

29.  521 

23.  4 

19.3 

55  33  24.  17 

—  9  30.97 

+i.ii 

—  0. 17 

59.  22 

7215 

13.  823 

23.3 

25. 3 

57  07  24.  34 

7277 

25. 227 

28.6 

20.5 

. 

40  40  42.  74 

+  5  53.  84 

+1.36 

+0. 10 

58.84 

7377 

28. 922 

24.2 

26.  1 

59  27  47.  80 

7398 

10.  002 

25.0 

25.2 

38  51  44.  71 

-  9  47.  04 

-0.  47 

-0. 18 

58.  56 

7480 

18.  065 

28.5 

22.5 

45  58  49. 29 

7489 

20. 371 

22.0 

29.0 

52  03  32.  30 

-  1  11.55 

-0.22 

-0. 02 

. 

59. 00 

7505 

17. 392 

27.0 

24.2 

37  57  53. 43 

7605 

21. 286 

23.5 

28.8 

60  06  07.  33 

-  2  00. 82 

-0.50 

-0.03 

48  59  58. 97 

Meftn  latitude  (82  determinations),  48°  59"  58.54". 
£  =  ±  0".  49775 
To—  ±  0".  037 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 


[Astronomical  Station  No.  6.— West  side  of  Turtle  Mountain,  150  miles  west  of  Pemljina. — Observer,  W.  J.  Twininjr,  Captain 
United  States  Engineers.— Zenith  Telescope,  Wiirdemann  No.  20.— Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Eefrac. 

Red .  to 
merid. 

N. 

S. 

m.  s. 

o/i t 

/  // 

// 

// 

H 

O  /  // 

6047 

26.  002 

26.  6 

25.2 

72  12  43.  86 

(5073 

9.  279 

25.  0 

27.  3 

20  04  21.51 

—  8  38.  87 

-0.  20 

-0. 17 

48  59  53.  45 

July  28. 

6114 

12.  012 

25.8 

20.  5 

76  58  46.  73 

0157 

24.  797 

25.  3 

27.  2 

20  47  49.07 

+6  36. 69 

-0.  58 

+0. 14 

54. 15 

0268 

15.  285 

23.  6 

25.0 

39  26  26.  09 

0289 

25.  318 

23  0 

30.  0 

58  43  45.32 

-5  11.  30 

-0.  62 

-0.  09 

53.  09 

6421 

22.  483 

26.5 

27.  5 

49  17  34.  52 

0470 

22.  546 

25.  1 

28.9 

48  42  09. 19 

-f  0  01.  95 

—  1.  07 

0.  00 

52.  74 

6553 

16. 021 

27.2 

27.0 

32  18  14.  03 

0580 

20.  334 

25.  7 

28.  8 

65  40  01.29 

-2  13.  82 

-0. 65 

-0.  04 

53.15 

6624 

24.  035 

20.  8 

27.  7 

40  07  42.  37 

GG81 

18.  479 

25.  5 

29.0 

57  40  22.  03 

+2  52. 39 

-0.  98 

+0.05 

53.  66 

6728 

18.  551 

24.5 

30.1 

43  25  25.  30 

6748 

24.  602 

27.5 

27.3 

. 

54  40  38.  84 

-3  07.  75 

-1.20 

-0. 05 

53. 07 

6780 

20.  693 

26. 1 

28.7 

57  42  54.19 

0817 

20.  915 

20.5 

28.  3 

40  10  42.20 

+0  06.  89 

0.  98 

0.  00 

54. 10 

7024 

15.  965 

25.  0 

30.  4 

01  51  17.  23 

7073 

22.  349 

27.  2 

28.  0 

36  01  57.  39 

+3  18.  08 

—1.  38 

+0. 06 

54.  07 

7100 

11.  370 

29.  5 

25.  5 

42  45  38.55 

7100 

29.  954 

20.  5 

34.  8 

55  33  28.  73 

—9  36.  43 

—2. 30 

-0. 17 

54. 74 

7215 

15.691 

27.2 

28.0 

57  07  28. 95 

7277 

20.  828 

20. 1 

29. 1 

40  40  46.65 

+5  45.  55 

+0.  85 

+0. 10 

54.  30 

7320 

23.  725 

27.0 

28.5 

38  09  24.  84 

7- Yr.  2395 

18.  552 

27.  1 

28.  5 

59  45  02.  67 

+2  40.  51 

+0.67 

+0.04 

55.  08 

7377 

30.  488 

27.5 

28.4 

59  27  52.  70 

7398 

11.284 

20.  0 

30.  0 

38  51  48.  85 

-9  55.85 

-1.09 

—0. 18 

53.  06 

7416 

26.  044 

2A0 

28.0 

62  02  51.  50 

7453 

10.  117 

20.0 

30.0 

. 

36  07  12.  58 

-5  08.01 

-0.  89 

-0.09 

53. 05 

7480 

21.  544 

27.  0 

28.4 

45  58  53.  65 

7489 

24. 142 

28.  8 

27.  2 

52  03  30.  81 

-1  20.61 

+0.18 

-0.  02 

54.  78 

7505 

16. 934 

28.7 

27.4 

37  57  57.  52 

7005 

21. 127 

25.  G 

31.  0 

00  06  11.  49 

-2  10. 10 

-0.  91 

-0.  03 

53.  47 

7627 

22.  845 

28.1 

23.  2 

25  19  45.86 

7686 

17.  461 

27. 1 

29.7 

72  34  28.  23 

+2  47.  05 

-0.  60 

+0. 06 

53. 55 

7755 

15.954 

29.  8 

27.4 

58  47  16.  03 

7705 

21. 135 

24.0 

33.1 

. 

39  05  08.  48 

+3  42.  81 

-1.  40 

+0.06 

53  73 

7787 

17.  841 

27.6 

29.4 

52  01  11.97 

7800 

22.  50 1 

25.  5 

31.  3 

45  53  51.  00 

+2  24. 08 

-1.  69 

+0.  04 

54.51 

7820 

13.719 

28.7 

28.2 

48  49  57.  74 

7882 

28. 153 

26. 1 

31.4 

49  24  48.  38 

-7  27. 85 

-1.  07 

-0. 13 

48  59  54.  01 
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REPORT  OF  THE  CHIEF  ASTRONOMER. 
Observations  for  Latitude. — Station  No.  G — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

O  /  // 

/  n 

// 

// 

// 

o  /  // 

7962 

29.  905 

28.0 

29.7 

41  16  53.  34 

6024 

12.  921 

28.0 

30.0 

56  25  20.  45 

+8  46.  97 

0.  83 

+0. 16 

48  59  53. 20 

July  28. 

8036 

19.  824 

29.8 

27.  9 

49  21  41.76 

8059 

21.657 

25. 1 

32.4 

. 

48  36  14.  00 

-i-0  56.  87 

-1.  20 

+0.  02 

53.57 

8083 

16.  803 

28.1 

29.4 

56  27  59.  97 

8128 

25. 376 

25.7 

32.0 

41  22  59.  15 

+4  26.  00 

-1.  69 

+0.  08 

53.  45 

8206 

28.  065 

27.  1 

30.2 

30  37  30.  63 

8273 

12. 278 

23.0 

30.  1 

67  05  58.26 

+8  09.  83 

-1.09 

+0.15 

53. 33 

8314 

22.  333 

29.  4 

28.3 

73  42  05.  78 

8324 

14.  149 

26.  4 

32.0 

24  26  12.  04 

-4  13.  93 

-1.14 

-0.  08 

53.  76 

8344 

11.419 

29.2 

29.1 

60  30  50. 28 

67 

24.  065 

27.  1 

31.0 

37  15  54. 10 

+6  32.  37 

-0.  85 

+0.11 

53.82 

5853 

25.  300 

22.3 

38.3 

49  49  47.  96 

5911 

13.  643 

32.0 

30.2 

48  22  09.  44 

-6  01.  69 

-3. 17 

-0. 10 

53  74 

July  29. 

6047 

28. 459 

31.6 

30.8 

72  12  44. 10 

6073 

11.  723 

31.0 

31.2 

26  01  21.71 

-8  39.28 

•+0. 14 

0  17 

53.  60 

6114 

13. 154 

30.6 

31.4 

76  58  46.  98 

6157 

25.  902 

33.4 

28.8 

20  47  49.  26 

+6  35.  54 

+0.  85 

+0. 14 

54.  65 

6268 

14. 298 

31.0 

31.0 

39  26  26.  34 

6289 

24.  329 

32.5 

29.8 

58  43  45.  60 

-5  11.24 

+0.  60 

-0.  09 

55.24 

6318 

13.114 

30.9 

31.4 

59  27  59.  48 

29.  261 

33. 1 

29.2 

38  15  05.  82 

-f8  21.00 

40.  76 

+9.15 

54.  56 

6421 

22. 160 

31.0 

31.4 

49  17  34.  81 

6476 

22.  176 

32.  4 

30.2 

48  42  09.  47 

+0  00.  50 

+0.  40 

o.to 

53.  04 

6553 

17.  508 

31.4 

31.3 

32  18  14.28 

6586 

21.  £42 

32. 1 

31. 1 

65  46  01.  61 

—2  14.  47 

+0.  25 

-0.04 

53.  69 

6624 

23.411 

32. 1 

30.9 

40  07  42.  65 

6681 

17.  895 

31. 1 

52.2 

57  46  22.  35 

+2  51.15 

+0.02 

+0.05 

53.  72 

6728 

18. 285 

32.2 

31.0 

43  25  25.  59 

6748 

24.  387 

32.9 

31.4 

54  40  39. 16 

—3  09.33 

+0.  60 

-0.05 

53.  60 

6780 

20. 369 

32.1 

31.0 

57  42  54.  51 

6817 

20.  528 

33.2 

29.9 

40  16  42.  49 

+0  04.  93 

+0.  98 

0.  00 

54.  41 

6937 

14.938 

31.2 

32.0 

36  28  04.  67 

6970 

24.  599 

33.2 

30.  0 

61  41  41.51 

—  4  59.  76 

+0.53 

—0.  09 

53.  77 

7024 

16.  711 

32.0 

31.  4 

61  51  17.57 

7073 

23.  009 

32.2 

31. 1 

. 

36  01  57.68 

+3  15.  41 

+0.  38 

40.06 

53.  48 

7100 

10.  207 

31.4 

32.0 

42  45  38.  86 

7166 

28.  901 

33.0 

30.  6 

55  33  29.  06 

—9  40.03 

+0.40 

-0. 17 

54.16 

7215 

15.  128 

32.0 

31.5 

57  07  29. 26 

7*277 

26.  251 

31.  4 

32.  3 

40  40  46.  95 

+5  45. 12 

—  0.  09 

+0. 10 

53. 24 

7320 

22. 163 

31.4 

32.2 

38  09  25. 13 

7-Yr.  2395 

J  7.  032 

33.0 

31.0 

59  45  03.20 

+2  39. 20 

+0. 27 

+0. 04 

53.  68 

7377 

30. 154 

33.2 

30.5 

59  27  53.  04 

7398 

10.  924 

30.3 

33.6 

38  51  49. 14 

-9  56.66 

-0.  14 

-0. 18 

54. 11 

7416 

27.  001 

32.0 

32.0 

62  02  51.  84 

7453 

17.  049 

32.  4 

31.  5 

36  07  12.84 

—5  08.  79 

+0. 20 

-0.  09 

53.  66 

7480 

18.  656 

31.  5 

32.5 

45  58  53. 96 

7489 

21.  288 

32.  5 

31.  5 

52  03  37. 13 

—  1  21.  66 

0.  00 

—0.  02 

53.  87 

7755 

15. 759 

31.5 

31.5 

58  47  16.35 

7765 

22,  885 

32.8 

30.1 

39  05  08.  77 

+3  41. 10 

+0.  CO 

+0.  06 

48  59  54.  32 
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Observations  for  Latitude. — Station  No.  G — Continued. 


B.  A.  C. 
No. 

Headings. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Mend. 

dist. 

Declination. 

Microm. 

Level. 

Refrac 

i  Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

// 

// 

o  /  // 

7787 

19.  434 

32.0 

30.6 

52  01  12.  28 

23.  998 

30.  5 

32. 1 

45  53  51.30 

+2  21.  61 

-0.  04 

+0.  04 

48  59  53.  40 

July  20. 

7962 

29.  424 

31.4 

31.5 

41  16  53.62 

8024 

12.  491 

31.6 

31.4 

— 

56  25  20.  74 

+8  43. 39 

+0.  02 

+0.16 

52.  75 

8036 

20.511 

32.7 

30.  2 

49  21  42.  04 

8009 

22.  322 

31.  0 

31.8 

48  36  14.28 

-f 0  55. 26 

+0. 38 

+0.  02 

53.82 

8083 

17.  208 

36.2 

31.  4 

56  27  59. 26 

8133 

25.  715 

32.  4 

50.3 

41  22  59.  41 

+4  23.  95 

+0. 42 

+0.  08 

53. 79 

8200 

19.022 

30.8 

32. 1 

30  37  30.  86 

8273 

13.  295 

32. 1 

31.  0 

67  05  58.  52 

+8  07.  97 

-0.  04 

+0. 15 

52.  77 

8314 

23.  057 

30.8 

32.2 

73  42  06.  03 

8324 

14.  830 

33.  0 

30.0 

24  26  12. 25 

-4  15.26 

+0.  36 

-0.  08 

54. 16 

8344 

9.  858 

30.7 

32.  2 

60  30  50.  53 

07 

22.  436 

33.  2 

30.0 

37  15  54.  32 

+6  30.  26 

+0.38 

+0.11 

53.18 

6047 

28. 332 

32.’4 

31.5 

72  12  44. 86 

6073 

11.  573 

32.1 

32.0 

. 

26  04  22.  31 

-8  39. 99 

+0.22 

-0.17 

53.65 

August  l. 

6114 

12.  479 

33.0 

31.0 

76  58  47.  80 

0157 

25.  229 

29.  9 

34.8 

20  47  49.84 

+6  35.  60 

-0.  65 

+0.  14 

53.91 

6268 

13.  037 

32.0 

33.0 

39  26  27. 15 

6289 

23. 134 

34.  0 

31.  0 

58  43  40.  48 

-5  13.28 

+0.  04 

-0.  09 

53.  49 

6318 

11.720 

32.0 

33.0 

59  28  00.  37 

6305 

27.  854 

33. 1 

32.2 

38  15  00.  03 

+8  20.  60 

-0.  02 

+0. 15 

54.  23 

6421 

21.511 

33.1 

32.2 

49  17  35.  71 

047G 

21.  504 

33.  5 

32. 1 

48  42  10.39 

+0  00.  22 

+0.51 

0.  00 

53. 78 

6553' 

15.  966 

32. 1 

33.  4 

32  18  15.  09 

6580 

20.  349 

34.  3 

31.4 

65  46  02.  62 

—2  15.99 

+0.36 

-0.  04 

53. 19 

6624 

22.  4H 

33.2 

32.4 

40  07  43.  54 

6681 

10.  904 

33.  0 

33.  1 

57  46  23.  37 

+2  50.  74 

+0. 16 

+0.  05 

54.40 

6728 

18. 264 

33.7 

32.4 

43  25  26. 53 

6748 

24.  404 

33.1 

33.0 

54  40  40. 18 

-3  10.51 

+0.31 

-0.  05 

. 

53. 10 

6780 

20.  265 

33.5 

32.8 

57  42  55.  55 

+0  04.  34 

+0.  25 

0.  00 

54.  08 

6817 

20.  405 

33.5 

33.1 

40  16  43.  43 

6937 

15. 314 

33.4 

34.2 

36  28  03.  59 

6970 

24.  992 

34.  1 

33.7 

61  41  42.  60 

—  5  00.28 

-0.09 

-0.  09 

53.  63 

7024 

15.  567 

34.  1 

33.0 

61  51  18.66 

7073 

22.  859 

33. 1 

34.9 

36  01  58.  60 

+3  15.22 

-0. 29 

+0.  06 

53.62 

7100 

9.  062 

33.7 

34.3 

42  45  39.  84 

7166 

27.  790 

34.  1 

33.9 

55  33  30. 15 

—  9  41.08 

-0.  09 

-0. 17 

53.  66 

7215 

14.  662 

34.2 

33.7 

57  07  30.  36 

7277 

25. 785 

31.  3 

37.  0 

40  40  48.23 

+5  45. 12 

-1. 16 

+0. 10 

53.36 

7320 

23.  254 

34.  7 

33.4 

38  09  26. 10 

7-Yr.  2395 

18. 125 

32.0 

30.  3 

59  45  04.  33 

-f-2  39. 14 

-0.  67 

+0.  04 

53.72 

7377 

29.  837 

32. 1 

36.4 

59  27  54. 16 

7398 

10.  554 

36.7 

32.0 

38  51  50. 11 

—9  58.  30 

+0.  09 

-0. 18 

53.74 

7416 

24. 968 

31.3 

37.2 

62  02  52.  96 

7453 

14. 961 

38.5 

30.3 

. 

36  07  13. 79 

-5  10.49 

+0.  51 

-0.  09 

53.  31 

7480 

20.  600 

34.5 

34.4 

45  58  55.  00 

7489 

23.274 

35.7 

33.2 

. 

52  03  38.  21 

-1  22.97 

+0.  58 

-0.  02 

48  59  54. 19  | 
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Observations  for  Latitude. — Station  No.  G — Continued. 


13.  A.  C. 
No. 

Readings. 

Declination, 

Corrections. 

Latitude. 

Remarks. 

Microni. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrae. 

Red.  to 
merid. 

N. 

S. 

777.  S, 

o  /  // 

/  // 

II 

// 

II 

O  1  II 

7505 

17.  399 

34.5 

34.2 

37  57  58.78 

7605 

21.681 

35.  7 

34.0 

60  06  12.  91 

-2  12.  86 

+0.  44 

-0.  03 

. 

48  59  53.  40 

August  1. 

7627 

23.  549 

35.  2 

34.2 

25  19  46.  92 

76t6 

18.  232 

34,2 

36.3 

. 

72  34  29.  67 

+2  44. 97 

-0.  25 

+0.  06 

53.  07 

7755 

16  123 

34.2 

36.2 

58  47  17.  43 

7765 

23.211 

35.2 

35.2 

0  20 

39  05  09.  73 

+3  39.  92 

-0.  44 

+0.  0G 

+0.  06 

53.18 

7787 

20.  087 

34.2 

35.9 

52  01  13. 33 

7600 

24.  646 

33. 1 

37.0 

45  53  52.  30 

+2  21.45 

-1.25 

+0.04 

53.  06 

7820 

14. 105 

35.7 

34.2 

48  49  59.  04 

7882 

28.  595 

33.3 

36.9 

49  24  49.  69 

-7  29.  59 

-0.  47 

-0. 13 

54. 17 

7062 

28.  845 

34.0 

36.1 

41  16  54.69 

8024 

11.906 

35.  0 

34.  8 

56  25  21.  75 

+8  45.  57 

-0.  42 

+0. 16 

53.  53 

8036 

18.  308 

36.0 

33.9 

49  21  43.01 

8059 

20.  000 

32.  5 

37.  4 

48  36  15.25 

+0  55. 29 

-0.62 

+0.  02 

53.82 

8083 

17.314 

35.3 

34. 1 

56  28  00.  24 

8128 

25.  833 

34.  7 

34.  9 

41  23  00.  30 

+4  24.  32 

+0.  22 

+0.  08 

54.  89 

8206 

26.  931 

35.  8 

34.  0 

30  37  31.66 

8273 

11. 175 

33.  4 

36.  9 

67  05  59.  44 

+8  08.  87 

—  0.  38 

+0.15 

54. 19 

8314 

23.  642 

35.0 

35.2 

73  42  OR.  93 

8324 

15.411 

33.8 

36.  3 

24  26  12.  96 

-4  15.  39 

-0.  60 

-0.09 

. 

48  59  53.  88 

Mean  latitude  (70  determinations),  .48°  59'  53".7G. 


c  -  0".53 
r  =  C".35 
e„  =  0".0B 
t0  =  0".04 
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UNITED  STATES  NORTHERN  BOUNDARY. 
Observations  for  Latitude. 


[Astronomical  Station  No.  7. — South  Antler  Creek,  103  miles  west  of  rembina.— Observer,  J.  F.  Gregory,  Lit  uteu.aut  United 
States  Engineers. — Zenith  Telescope,  Wie  demann  No.  11.— Chronometer,  Negus  Sidereal  No.  1481] 


B.  A.  C. 
No. 

Headings. 

Declination. 

CoTections. 

Latitude. 

Remarks. 

Microrn. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

Of  It 

i  n 

// 

// 

U 

or  // 

5G93 

25.  327 

36.2 

35.8 

31  54  52.  20 

August  1. 

5823 

12.  170 

45.0 

28.  8 

65  52  25. 10 

+  8  03. 84 

+  5.  43 

+  0.14 

48  61  53.01 

Rejected. 

5853 

22.  054 

35.2 

38.7 

49  49  50.  05 

5911 

12.  252 

42.3 

31.  8 

48  22  10. 12 

-  4  12.72 

+2. 29 

-0.  07 

49  01  49.  58 

C047 

24.  332 

35.  7 

39.0 

72  12  44.  87 

C073 

13.  388 

43.  0 

32.  0 

26  C  4  22.  33 

-  6  46.61 

+2.52 

-0.  13 

49.  38 

fill  4 

9.  490 

35.8 

39.  7 

76  58  47. 81 

0157 

23. 282 

33.5 

42.6 

. 

£0  47  49. 84 

+  8  32.  43 

-4.25 

+  0.18 

47. 18 

6268 

19.  470 

40. 1 

36.0 

39  26  27. 13 

6289 

24.  737 

33.  7 

42.5 

58  43  46.  48 

-  3  15.69 

-1.  54 

—0.  05 

49.  53 

6318 

13.  376 

39.  G 

36.9 

59  28  00. 37 

6365 

29.  967 

34.  8 

42.  2 

38  15  06.  63 

+10  16.42 

-1.  54 

+0.18 

48.  56 

0421 

19.  809 

28.0 

31.5 

49  17  35.  69 

6476 

22.  891 

31.9 

28.3 

46  42  10.  40 

+  1  54.  51 

+  0.  03 

+0.  03 

. 

47.  61 

6553 

21. 179 

32.3 

28.  5 

32  18  15.  09 

6566 

21.718 

28.3 

32.7 

05  46  02.  62 

—  0  20.03 

—0.  20 

0.  00 

48. 63 

0624 

26.  022 

30.2 

31.0 

40  07  43.  54 

6681 

18.  3.9 

29.6 

32.  0 

57  46  23.  37 

+  4  45.83 

—  1.  05 

+0.11 

48.  34 

0728 

21. 110 

31.  7 

30.4 

43  25  26.  53 

6748 

23. 130 

30.8 

31.  9 

54  40  40. 18 

-  1  15.05 

+0.  07 

—  0.  02 

48.36 

6780 

19.  693 

30.7 

32. 1 

57  42  55. 55 

6817 

22.  910 

32.  8 

30.0 

. 

40  16  43.  43 

+  1  59.52 

+0.46 

+  0. 03 

49.50 

6937 

19. 118 

32.8 

31.3 

36  28  05.  60 

6970 

24.  100 

32.2 

32. 1 

61  41  42.60 

—  3  05. 10 

+0.  52 

—  0.  05 

49.  47 

7024 

16.  731 

31.5 

33.2 

61  51  18.66 

7073 

25.  053 

33.9 

31.5 

36  01  58.59 

+  5  09.20 

+  0. 23 

+0.09 

48. 14 

7100 

15. 193 

33.5 

31.7 

42  45  39.  83 

7106 

27.  710 

32.  4 

33.  3 

55  33  30. 15 

-  7  45.28 

+  0.  29 

—  0. 13 

49.87 

7215 

15.619 

32.  3 

33.7 

57  07  30.  36 

7277 

27. '61 

35.4 

31.  1 

. 

40  40  48. 23 

+  7  38.55 

+  0.95 

+0. 13 

48.93 

7320 

24.  713 

33.5 

32.9 

38  09  26.11 

7-Yr.  2395 

17.  392 

31.3 

31.  8 

59  45  04.  33 

+  4  32.00 

+  1.01 

+0. 08 

48.31 

7377 

27.  6C0 

32.  1 

31.3 

59  27  54. 16 

7398 

14.  636 

36.0 

30.6 

38  51  50.  11 

-  8  03.89 

+  1. 05 

—  0.  14 

49.15 

7416 

23.  827 

33.1 

33.4 

62  02  52.  96 

7453 

18. 555 

36. 1 

30.  4 

36  07  13.  79 

—  3  15.88 

+1. 77 

—  0.  06 

49. 20 

7480 

22. 333 

34.6 

31.8 

45  58  55.  00 

7489 

21.  480 

34.0 

32.  7 

52  03  38.  22 

+  0  31.69 

+1.34 

+0.01 

49.  65 

7505 

22. 042 

32.5 

33.  8 

37  57  58.  78 

7605 

22.  542 

42.  0 

25.  5 

. 

GO  06  12.  92 

-  0  18.  58 

+4.  97 

-0.01 

49  01  52.23 
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Observations  for  Latitude. — Station  No.  7 — Continued. 


B.  A.C. 
No. 

Readings. 

Declination. 

Corrections. 

La'itude. 

Remarks. 

Microm. 

Level. 

Morid. 

dist. 

Microm. 

Level. 

Rei'rac. 

Red.  to 
meritl. 

N. 

S. 

m.  s. 

o  /  // 

/  II 

II 

// 

// 

O  /  II 

7627 

25. 2E6 

33.6 

33.7 

25  19  46.  93 

7686 

17  7-26 

35.  8 

31.  9 

72  34  29.  68 

+  4  39.03 

+  1.24 

+0.  09 

49  01  48.  66 

7755 

17. 122 

33.9 

34.3 

58  47  17.  43 

77G5 

26.  088 

36.1 

32.  0 

39  05  09.  73 

+  5  33. 12 

+  1.21 

+0. 10 

. 

48.01 

7767 

18.  518 

33.9 

34.5 

52  01  13.  34 

7800 

9.5  M70 

37  0 

31  3 

45  53  52.  30 

+  4  14.  80 

+  1.  67 

+0.  06 

49.  37 

7820 

18.  203 

34.5 

33.6 

48  49  59.  07 

7882 

27. 237 

24.5 

44.0 

. 

49  24  49.  70 

-  5  35. 65 

-6.  09 

-0.  09 

. 

42.56 

Rejected. 

7962 

30. 796 

34.6 

34.0 

41  16  54.  69 

8024 

13  612 

41.  5 

27.  0 

56  25  21. 75 

+10  38.  45 

+  4.  94 

+0.  19 

51.  80 

8036 

19.  641 

35.1 

33.6 

49  21  43.  01 

8059 

24. 187 

32.  3 

36. 1 

48  36  15.  25 

+  2  48.  90 

-0.  72 

+0.  05 

47.  36 

8083 

16.  791 

33.  4 

34.7 

56  28  00. 25 

bl28 

26.  917 

37.  0 

31.  1 

41  22  60.  30 

+  6  16.22 

+  1. 51 

+0. 10 

48.10 

8206 

30.  317 

35.9 

32.5 

30  37  31.  66 

8273 

14. 170 

41.  5 

27.5 

67  05  59.  43 

+  9  59.  93 

+5.  69 

+0. 19 

51.36 

8314 

23.  015 

33.8 

35.1 

73  42  06. 93 

8324 

19.  182 

37.  3 

31.  3 

24  26  12.  96 

-  2  22.  41 

+  1.54 

-0.  05 

49.  03 

46 

22.  173 

33.3 

35.7 

60  49  29  70 

67 

20.  650 

38.  0 

31.  0 

37  15  55.  16 

-  0  56.59 

+1.51 

-0.  02 

47.  33 

5853 

24.  407 

23.  7 

23.6 

49  49  50.  26 

5911 

17.  622 

23.6 

24.7 

48  22  10.  33 

-  4  12.09 

-0.33 

-0.  07 

. 

47.81 

August  2. 

6047 

26. 125 

25.7 

24.7 

72  12  45. 12 

6073 

15. 187 

25.  0 

25.  6 

26  04  22.  44 

-  6  46.  39 

+0.13 

-0.  13 

47.39 

6114 

14.  054 

24.0 

26.9 

76  58  48.  08 

6157 

27.  731 

29.  5 

21.  2 

20  47  50.03 

+  8  28. 16 

+  1.77 

+0. 18 

49. 16 

6268 

19.  080 

26.7 

24.4 

39  26  27.  39 

6289 

24.  478 

27.0 

24.6 

. 

58  43  46.  77 

-  3  20.  56 

+  1.54 

-0.  05 

48.01 

6318 

13.141 

24.5 

26.9 

59  28  00.  67 

6365 

29.  605 

32  7 

19.  3 

38  15  06.90 

+  10  11.70 

+3.  60 

+0.  18 

49.  26 

6421 

19.  797 

25.  4 

26.9 

49  17  36.  03 

6476 

22.  966 

24  7 

28.  0 

48  42  10.  70 

+  1  57.74 

-1.57 

4- 

© 

o 

GO 

49.  57 

6553 

20.  822 

29.  1 

24.  0 

32  18  15. 36 

6586 

21.  315 

20.  5 

33.  7 

65  46  02.  96 

—  o  18.32 

—2.  65 

0.  00 

48. 19 

6624 

26. 143 

27.6 

26.7 

40  07  43.  84 

6681 

18.  427 

34. 5 

20.  7 

57  40  23.  72 

+  4.46.68 

+4.  81 

+0.11 

55. 38 

Rejected. 

6728 

20.  852 

28.5 

26.  7 

43  25  26.  86 

6748 

22.  8e0 

26.  6 

29.  0 

54  40  40.54 

-  1  15.35 

-0. 20 

-0.  02 

48. 13 

G780 

24.  060 

23.0 

32.8 

57  42  55.91 

6817 

27.  259 

29.  8 

26.2 

40  16  43.  74 

+  1  58.86 

-2.03 

+0.  03 

46.68 

6937 

18.  786 

29.8 

27.4 

36  28  05.  90 

6970 

23.  773 

24.7 

32.7 

. 

61  41  42.98 

-  3  05. 29 

—  1.83 

-0.  05 

47.27 

7024 

17.  467 

24.6 

32.8 

61  51  19.04 

7073 

25.  804 

33. 5 

24.  5 

36  01  58.  92 

+  5  09.  75 

+0.  26 

+0.  09 

49.  08 

7100 

16.  036 

29.5 

24.  4 

42  45  40. 19 

7166 

28.  558 

26.3 

31.9 

55  33  30.  54 

-  7  45.  24 

-1.47 

-0. 13 

. 

48. 52 

7215 

16.011 

24.8 

33.  6 

57  07  30.  75 

7277 

28  345 

36,  t 

23.  0 

40  40  48.30 

+  7  38.  26 

+  1.  41 

+0.13 

49.  33 

7320 

22.645 

31.0 

28.  1 

38  09  26.  45 

7-Yr.  2395 

15.  302 

29.  1 

30.0 

59  45  04.  73 

+  4.32.82 

+0.  65 

+0.  08 

49  01  49. 14 
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Observations  for  Latitude. — Station  No.  7 — Continued. 


B.  A.  C. 
No. 

Ilea': 

ings. 

Decimation. 

Corrections. 

Latitude. 

Remarks. 

Microm 

Level. 

Merid. 

dial. 

Microm. 

Level. 

Refrac. 

Red.  to 
iuerid. 

N. 

S. 

m.  s. 

o  /  n 

/  II 

// 

II 

It 

O  /  II 

7377 

25.  457 

26.8 

32.7 

59  27  54.74 

7398 

12.  421 

33.  4 

26.  2 

38  51  50.  47 

-  8  01.  34 

+-0.  43 

-0.  14 

49  01  48.55 

7410 

23.  881 

27.8 

32.5 

62  02  53.  37 

7453 

18.  C13 

34.8 

25.  1 

3G  07  14. 13 

-  3  15.73 

+  1.  47 

-0.  06 

49.  43 

7480 

22.  033 

31.0 

28.0 

45  58  55.  38 

7489 

21.210 

30.8 

29.2 

52  03  38.  CO 

+  0  30.  58 

+  1.70 

+0.01 

49. 28 

7505 

22.113 

29.  5 

30.  7 

37  57  59. 13 

7005 

22.  020 

31.  5 

29.  0 

60  06  13.  30 

-  0  18.  84 

+  0.  23 

—0.  01 

47.  60 

7697 

25.206 

31.5 

30.0 

25  19  47.  22 

7686 

17.  705 

32.  1 

29.  8 

72  34  30.  07 

+  4  38.69 

+  1.24 

+0.09 

48.  66 

7755 

16.  848 

29.2 

32.8 

58  47  17.  82 

7765 

25.  820 

33.3 

28.8 

39  05  10.  08 

5  33.  35 

+  0.29 

+0.10 

47.69 

7787 

18.  789 

30.5 

31.7 

52  01  13.  72 

7600 

25.  656 

32.7 

29.0 

45  53  52.  67 

4-  4  15. 14 

+0.  82 

+0.  08 

49. 24 

7820 

18.  633 

32. 1 

30.0 

48  49  59.  45 

7682 

27.  681 

31.0 

31.  5 

49  24  50.07 

-  5  36. 17 

+  0. 52 

—0.  09 

49.  02 

7962 

31. 252 

34.3 

28.3 

41  16  55.02 

8024 

14.093 

31.7 

32.2 

56  25  22. 12 

+10  37.53 

+  1.  80 

+  0.19 

48.09 

8036 

19. 183 

29.  2 

34.5 

49  21  43. 37 

8059 

23.  707 

38.5 

25.2 

48  36  15.  60 

+  2  48. 08 

+2.62 

+0.  05 

50.23 

8083 

17. 340 

31.0 

32.8 

56  28  00.  61 

8128 

27.  438 

36.6 

27.2 

41  23  00.  64 

+  6  15. 18 

+2.49 

+0.10 

48.40 

8206 

30.  377 

3'.  2 

30.7 

30  37  31.96 

8273 

14.  132 

25.5 

39.0 

67  05  59.  78 

+10  03.57 

-3.  60 

+0.19 

46.  03 

8314 

23. 137 

28.0 

36.0 

73  42  07. 27 

8324 

19.  399 

32.3 

31.9 

24  26  13. 23 

-  2  18.  88 

-2.49 

-0.05 

- - 

48.83 

46 

22.  043 

31.  0 

32.8 

60  49  29. 93 

67 

20. 642 

23.5 

40.6 

37  15  55. 35 

-  0  52. 05 

-5.  99 

-0. 02 

44.  58 

Rejected. 

5693 

27.  540 

23.6 

25.3 

31  54  52.  50 

5823 

14. 360 

28.0 

24.0 

65  52  25.  39 

+  8  09. 69 

+0.  56 

+  0. 14 

49. 33 

August  3. 

5853 

24.  660 

26.4 

26.6 

49  49  50.  45 

5911 

17.  803 

27.0 

27.0 

0  15 

48  22  10.  54 

-  4  14.  76 

-0.  07 

-0.  07 

+0.03 

45.63 

6047 

26.  621 

26.7 

28.8 

72  12  45.  36 

6073 

15.715 

32.9 

22.5 

. 

26  04  22.  62 

-  6  45.20 

+2.72 

-0.13 

51. 38 

6114 

14.  607 

27.4 

28.0 

76  58  48.  34 

6157 

28.  323 

33.0 

22.7 

20  47  50.  21 

+  8  29. 60 

+3.17 

+  0.18 

52.22 

6268 

18.  838 

29.8 

26.  1 

39  26  27.  64 

6289 

24. 140 

21.8 

34.5 

58  43  47.05 

—  3  16.99 

—2.  95 

-0. 05 

47.  36 

6318 

13.  290 

28.3 

28. 1 

59  27  60.  96 

0305 

29.  883 

28.5 

28.  1 

38  15  07. 17 

+  10  16.50 

+0.  20 

+  0.13 

50.95 

6421 

20. 150 

27.5 

29.7 

49  17  36.  29 

6476 

23.  253 

29.1 

28.2 

48  42  11.  01 

+  1  55.  29 

—  0.  43 

+  0.03 

48.  54 

6553 

21. 835 

29.7 

28.  1 

32  18  15.  03 

6586 

22.  391 

24.7 

33.6 

65  46  03.30 

-  0  20.  6G 

-2.  39 

0.00 

46.  41 

6624 

26.  321 

30.3 

28.0 

40  07  41. 14 

6681 

18.  653 

25.1 

33.6 

57  4G  24.  06 

+  4  44.  90 

—2.  03 

-f  0.11 

47.  08 

6728 

21.190 

32.0 

27.4 

43  25  27. 18 

0748 

21.219 

27.3 

32.0 

54  40  40.88 

-  1  15.39 

—  0.  03 

—0.  02 

48. 59 

6780 

20.  723 

27.4 

32.0 

57  42  56.  26 

6817 

23.  918 

32.7 

27.0 

40  16  44.  07 

+  1  58.  71 

+  0.36 

+  0.  03 

49  01  49. 27 
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Observations  for  Latitude. — Station  No.  7 — Continued. 


B.  A.  G. 
No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Micron}. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  tt 

/  n 

// 

// 

// 

o  /  // 

7021 

IP.  028 

29.  0 

32.  0 

01  51  19.42 

7073 

90.  32R 

33.2 

23.  0 

36  01  59.24 

+  5  08.  38 

+0.72 

+0.  09 

49  01  48.52 

7100 

10.000 

20.  7 

31.8 

42  45  40. 53 

7  i  on 

9S  629 

33.  0 

23.  8 

55  33  30.  91 

—  7  46.  77 

+  0.  69 

-0.  13 

49.  5L 

7215 

10.  437 

29.8 

32.0 

57  07  31. 13 

7277 

28.705 

34.3 

28.3 

40  40  48.  05 

+  7  38.  03 

+  1.  24 

+  0.  13 

. 

49. 29 

7320 

25. 189 

31.0 

31.5 

38  09  20.  79 

7-Yr.  2395 

17.  887 

35.9 

26.9 

59  45  05.  12 

+  4  31.30 

+2. 18 

+0.  08 

50. 11 

7377 

27.  970 

30.7 

32. 1 

59  27  54.  95 

7398 

14.  953 

33.0 

30.0 

38  51  50.  81 

-  8  03.  63 

+0.  52 

-0.14 

49.  03 

7410 

24.  778 

31.0 

32. 1 

02  02  53.  70 

7453 

19.  523 

33.0 

30.  0 

. 

30  07  14.  47 

-  3  15.24 

+  0.  62 

-0.  06 

49.  43 

7480 

21.750 

32.  0 

31.3 

0  20 

45  53  55.  75 

7489 

20.  933 

33.0 

30.4 

09 

52  03  38.  99 

+  0  30.  35 

+  1.08 

+0.01 

+  0. 11 

48.  92 

7505 

22.  542 

32.7 

30.  8 

37  57  59.  48 

7(  0.7 

93  035 

31. 1 

32.  8 

GO  00  13.  70 

0  18.32 

+0.07 

-0.  01 

48.  33 

7027 

25. 744 

32.  8 

31.3 

25  19  47.  53 

7680 

18. 239 

31.4 

32.7 

72  34  30.  47 

+  4  38.  84 

+  0. 07 

+  0.  09 

. 

48.  00 

7755 

17.2)0 

30.  8 

33.  9 

58  47  18.21 

7705 

20. 227 

34.8 

30. 1 

39  05  10.  43 

+  5  33. 16 

+0.  52 

+0.10 

. 

48. 10 

7787 

18.  883 

31.8 

33.0 

52  01  14. 10 

7800 

25. 744 

33.3 

31.3 

— 

45  53  53.  04 

+  4  14.91 

+0. 26 

+0.  08 

48. 82 

7820 

18.  499 

33.3 

31.3 

48  49  59.  82 

97  5f  Q 

32  0 

33  3 

49  24  50.  44 

—  5  30.  99 

+0. 23 

-  09 

48.28 

7962 

31.008 

35.  3 

30.8 

4 1  10  55.  38 

g024 

1  1  440 

32  0 

34.  5 

56  25  22.  49 

+  10  37.86 

+  0.65 

+0.19 

47.  G4 

f  030 

19. 200 

30.8 

35.0 

49  21  43.  73 

23  715 

37  1 

20.  2 

'48  36  15.96 

+  2  47.  75 

+  1.01 

+0.  C5 

48.  65 

8083 

10.  848 

32.0 

34.  4 

50  28  00. 97 

8128 

26.  977 

30.  0 

30.5 

. 

4 1  23  00.  98 

+  6  16. 33 

|  +1.01 

+  0.10 

49  01  48.42 

Mean  latitude  (81  determinations),  49°  01'  48''.7G. 

t  =  1".223 
r  =  0".833 
e0  =  0".13G 
=  0".092 
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UNITED  STATES  NORTHERN  BOUNDARY 


Observations  for  Latitude. 

[Astronomical  S'ation  No.  8— about  7  miles  west  of  Riviere  r’cs  Lacs,  237  miles  west  of  Pembina. — Observer,  W.  .T. Twining, 
Captain  United  States  Engineers.— Zenith  Telescope,  Wiirclemann  No.  20. — Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Remarks. 

Microm. 

Level. 

Merid. 
»  dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

Latitudo. 

N. 

S. 

m.  s. 

o  /  II 

I  // 

// 

II 

II 

o  i  // 

6411 

20.  615 

26.1 

26.5 

49  17  39.  38 

0470 

22.  7 17 

24.  3 

28.  7 

48  42  14. 17 

+1  05.22 

-1.07 

+0.  02 

49  01  00.  94 

6553 

18.  185 

26.3 

26.  5 

32  18  18.  39 

20.  479 

26.  4 

27.  1 

G5  46  06.  96 

^1  11.18 

G 

C4 

G 

1 

-0.  02 

01.  28 

6624 

23.  451 

26.0 

26.9 

40  07  47.  32 

6681 

15.  917 

28.1 

25.8 

57  48  27.  77 

+3  53.  70 

+0.44 

+0.02 

. 

01.76 

6728 

17.  792 

26.  7 

27.  1 

43  25  30.  64 

0748 

21.  871 

26.9 

27.0 

54  40  44.  G9 

-2  06.  56 

-0. 11 

-0.  03 

00.  97 

6780 

17.  089 

17. 1 

36.6 

57  43  00.  17 

6817 

19.  300 

34.3 

19.  0 

40  16  47.56 

+1  C8.  60 

-  I.  07 

+0.02 

01.  41 

6937 

24.  983 

26.  1 

28.8 

36  28  09.  68 

6970 

22.  010 

27.8 

27.3 

61  41  47.  63 

-3  56.  65 

—  0.  49 

-0.  07 

01  45 

7024 

15.  942 

26.2 

28.3 

61  51  23.  75 

7073 

24.  294 

27.0 

27.  8 

36  02  02.  80 

+4  19. 14 

-0.  65 

+0.07 

01.  83 

7100 

10.  574 

26.9 

28.0 

42  45  44.  43 

7106 

27. 246 

26.9 

28.0 

55  33  35. 26 

-8  37.  29 

—0.49 

-0.15 

01.91 

7215 

12.  679 

26.0 

28.2 

57  07  35.  54 

7277 

25.  851 

27.  4 

27.3 

40  40  52.  58 

+6  48.  09 

-0.33 

+0.11 

. 

02.53 

7320 

22.  919 

25.5 

28.9 

38  09  30. 64 

7  Yr.  2395 

15.  750 

27.3 

27.3 

59  45  09.60 

+3  42. 44 

-0.  76 

+0.  06 

01.  86 

7377 

27. 326 

28.  1 

26.  6 

59  27  50.  55 

7398 

10. 107 

24.0 

30.  8 

38  51  54.75 

-8  54.21 

-1. 18 

-0. 16 

01.  55 

7416 

21.811 

27.3 

27.3 

62  02  58.  44 

7453 

13.  890 

25.  0 

29.6 

36  07  18.32 

-4  05.  77 

-1. 13 

-0.  07 

01.  41 

7480 

19.  861 

26.6 

23.  1 

45  59  00.  03 

7489 

20.  563 

26.0 

28.8 

52  03  43.  47 

-0  21.  78 

-0.96 

0. 00 

. 

59.01 

Rejected. 

7505 

18.  754 

26.8 

28.0 

37  53  03.  44 

7615 

20.  972 

27.  0 

29.6 

60  06  18.  43 

-1  08.82 

CO 

© 

1 

1 

© 

o 

. 

01.  24 

7627 

22. 112 

28. 1 

23.3 

25  19  50.  87 

7686 

14.  713 

23.7 

30.  8 

72  34  35.  36 

+3  49.  57 

-0.  96 

+0.08 

01.  81 

7755 

14.  399 

29. 1 

28.9 

58  47  20.  92 

7765 

23.  436 

31.4 

26.9 

39  0'»  14.  49 

+4  40.  43 

+1.05 

+0.  C8 

CO.  23 

77c7 

17.  399 

29.2 

2°.  G 

52  01  18.  63 

7c  0J 

23.  880 

32.7 

2.4 

45  53  57.  50 

+3  21.28 

+1.32 

+0.0.1 

. 

00.  73 

7820 

13.  952 

28.  1 

31.5 

48  50  04.26 

7882 

26. 521 

30.  0 

24.  7 

49  24  54.89 

-6  29.98 

+1.  76 

-0.  11 

01.  25 

7962 

23.791 

S'1.  9 

31.2 

41  16  59.51 

8024 

9. 865 

32.0 

29.0 

56  25  27.  04 

+9  47.  33 

+0.25 

+0.18 

. 

01.02 

8036 

17.  800 

30.3 

31.  0 

49  21  48. 13 

8059 

21.  600 

30.3 

31.0 

48  36  20.  30 

+  1  57.90 

-0.31 

+0.  03 

. 

49  01  01.  82 
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Observations  for  Latitude. — Station  No.  8 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Bemarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Ecfrac. 

Bed.  to 
meiid. 

N. 

S. 

772.  S. 

o  /  // 

!  // 

n 

n 

n 

o  /  // 

£083 

14. 910 

30.0 

31.0 

56.  28  05.  50 

8128 

25.  441 

30.  3 

30.  8 

41  23  04.  93 

+5  20.  56 

—  0.  33 

+0.10 

49  01  01.54 

8200 

27.  750 

31.4 

30.0 

30  37  35.  83 

8273 

9.  975 

29.  5 

32.  0 

07  00  04.  50 

+9  11.  51 

-0.  25 

+0.  17 

01.  03 

8314 

21.055 

30.0 

31.5 

73  42  11.  97 

8324 

14.  851 

30.  5 

31.  0 

24  20  10.  72 

-3  12.49 

-0.  44 

1 

© 

© 

C55 

01.  30 

8344 

9. 305 

30.  0 

31.4 

60  30  56. 34 

(37 

23  940 

29.  7 

32.  0 

37  15  59.20 

+7  31.27 

—0.  83 

+0.15 

01.  39 

C047 

26.  816 

25.3 

24.5 

72  12  47.  84 

fi073 

12  117 

28  0 

2*2  1 

20  04  24.  09 

-7  30.07 

+1.  49 

-0.  14 

01.  55 

August  17. 

0114 

10. 435 

24.  4 

25.9 

76  58  50.  98 

El  57 

25  205 

27  0 

22  8 

20  47  52. 12 

+7  40.14 

+0.  74 

+0.10 

02.  59 

0208 

14.  821 

25. 1 

25.  G 

39  20  30. 39 

E28Q 

22  825 

25  8 

25  0 

58  43  50.  21 

-4  08.34 

+0  07 

-0.  07 

01.90 

6553 

17.  690 

24.5 

28.  0 

32  18  18.  01 

19  959 

25  9 

20  9 

05  40  07.25 

-1  10.  40 

-1.  CO 

-0.  02 

01.  51 

6024 

23.  010 

20.8 

25.  8 

40  07  47.  57 

fififtl 

15  434 

23  0 

29.  0 

57  40  28.  08 

+3  55.  00 

-0.  98 

+0.  07 

01.  98 

6728 

17. 189 

25  3 

27.  0 

43  25  30.  92 

K74R 

21  225 

23  0 

28.  9 

54  40  44.  94 

-2  05.23 

-1.50 

-0.  03 

0  . 14 

6780 

17.  954 

20.1 

26.  0 

57  43  00.  49 

ER17 

20  191 

22  4 

29.  8 

40  10  47.84 

+1  09.  41 

-1.  03 

+0.02 

01.  97 

0937 

15.  735 

23.  7 

26.4 

3G  28  69.  97 

C970 

23.  350 

24.  0 

25.  9 

01  41  47.98 

—3  50.27 

—  1.  03 

-0.  07 

01.61 

7024 

14.  964 

24.7 

24.  C 

61  51  24. 10 

7073 

23  334 

21.  5 

27.  0 

30  02  03. 10 

+4  19.  70 

—  1.  20 

+0.  08 

02. 18 

7027 

24.  150 

25.5 

24.9 

25  19  51. 15 

7686 

16.  825 

27.2 

24.  0 

72  34  35.  70 

+3  47.  28 

+0.  85 

+0.  08 

. 

01.  67 

7755 

14.  472 

24.7 

27.1 

58  47  23.  32 

7705 

23  545 

28.  0 

24  0 

39  05  14.  84 

+4  41.51 

+0.  30 

+0.  08 

01.03 

7787 

16.  950 

25.7 

26.7 

52  01  19.  02 

7*00 

23  409 

24  8 

27  7 

45  53  57.  9 1 

+3  23.  20 

-0.  87 

+0.  06 

00.  85 

7820 

13.  807 

27.5 

25.0 

48  50  04. 03 

7882 

26. 358 

27.0 

26.8 

49  24  55.  27 

-0  29.  43 

+0.  00 

-0.  11 

. 

01.01 

7962 

29.  319 

26.  0 

23.  0 

41  16  59.  86 

R024 

10  395 

29  0 

20  0 

50  25  27.  44 

+9  47. 10 

+0.  22 

+0.19 

01.22 

8030 

18.015 

29.  1 

23.0 

49  21  48.  43 

R05Q 

91  790 

2fi  7 

29  0 

48  30  20.  08 

+1  57.  41 

+0.  18 

+0.  03 

02.20 

8200 

28.  404 

28.8 

28.0 

30  37  36. 14 

9H  5 

28  o 

07  00  04.  94 

+9  10.08 

+0.  09 

+0.17 

01.  48 

8314 

22. 405 

28.5 

28.9 

73  42  12.  36 

97  4 

3D  0 

24  20  17.  00 

—3  13.  39 

-  0.  07 

-0.  06 

00.  56 

8344 

8.  485 

29.2 

28.0 

60  30  56.  72 

67 

23. 112 

27.0 

31.5 

37  15  59.  57 

+7  33.  84 

-0.  74 

+0. 13 

. 

01.  38 

6114 

10.217 

29.0 

25.9 

70  58  51.  14 

August  18. 

99  0 

20  47  52.  24 

+7  39. 14 

+2.21 

+0  10 

03.  20 

Bejected. 

6268 

12.  G94 

27.0 

29.7 

39  26  30.  50 

58  43  50.  42 

-  4  08.  57 

+0.  07 

-0.  07 

01.  92 

6318 

10.  5P0 

28.9 

28. 1 

59  28  ('4.  4 1 

0305 

38.  785 

27.0 

29.9 

38  13  10.27 

+9  24.  80 

-0.  47 

+0.17 

49  01  01.92 

_ 

•9 
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Observations  for  Latitude. — Station  No.  8 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Mierom. 

Level. 

Merid. 

diet. 

Mierom. 

Level. 

Reirac. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

II 

// 

II 

O  !  II 

G421 

19.  056 

31.5 

25.  1 

49  17  39.  84 

6476 

21. 135 

24.0 

32.  7 

48  42  14.  64 

+1  04.51 

-0.  51 

+0.02 

49  01  01.26 

6553 

18.  083 

27.5 

29.1 

32  18  IS.  81 

6566 

20.  379 

29.3 

27.  8 

65  46  07.52 

-1  11.24 

— 0.  02 

-0.  02 

01.89 

6624 

23.  465 

23.8 

28.7 

40  07  47.  80 

6681 

15.  914 

26.  3 

29.  0 

57  46  28.36 

+3  54.29 

-0.  27 

+0.  07 

02. 17 

6728 

17.  856 

27.7 

30.0 

43  25  31.18 

6748 

21.  944 

29.  4 

28.  6 

54  40  45.28 

-2  06.  84 

—  0.  33 

-0.  03 

01.  03 

6780 

17.  895 

28.6 

29.2 

57  43  00.  79 

6817 

20.  077 

27.9 

30.  0 

40  16  48.  10 

+1  07.  70 

—  0.  60 

+0.  02 

01. 57 

6937 

15.  250 

29.1 

29.0 

36  28  10. 24 

6970 

22.  894 

29.  0 

29.6 

61  41  48.31 

-3  57.17 

-0. 11 

—0.  07 

01.  92 

7024 

14.  884 

28.6 

30.0 

61  51  24.  44 

7073 

23. 194 

29.  6 

29.0 

36  02  03.  38 

+4  17.  84 

-0. 18 

+0.08 

01.  65 

7416 

23.  926 

27.1 

31.9 

62  02  59.  21 

7453 

15.  965 

30.  8 

28. 1 

36  07  18.95 

-4  07.01 

-0.  47 

-0.  07 

01.  53 

7480 

19.211 

30.  1 

28.9 

45  59  00.  75 

7489 

19.  844 

29.  0 

30. 1 

52  03  44.  22 

-0  19.64 

+0.  02 

-0.  01 

02.  85 

7505 

17.  933 

29.0 

30.1 

37  58  04.  09 

7605 

20.  194 

30.  8 

30.0 

GJ  06  19.22 

-1  10.15 

-0.  07 

Qi 

G 

d 

1 

01.  41 

7627 

22.  654 

30.  9 

30.  0 

25  19  51.  42 

7686 

15. 297 

30.7 

31.  0 

. 

72  34  36. 16 

+3  48.  27 

+0. 14 

+0.  08 

02. 28 

7755 

13.  998 

31.0 

31.  0 

58  47  23.  72 

7765 

23.  113 

28.  5 

32.  4 

39  05  15. 18 

+4  42.  81 

-0.  87 

+0.08 

01.  47 

7820 

14.  635 

30.  0 

31.5 

48  50  05.  01 

7c82 

27. 126 

30.  8 

30.  8 

49  24  55.  64 

-6  27.  57 

-0.  33 

-0.  It 

02.  32 

611  1 

10.  877 

26.  1 

29.  G 

76  58  51.27 

6157 

-  25.  746 

2G.  5 

30.  0 

20  47  52.32 

+7  41.35 

-1.69 

+0. 16 

01.61 

August  19. 

6268 

13  419 

29.3 

30.  0 

39  26  30.  70 

6289 

21.  444 

30. 1 

29.  2 

58  43  50.59 

-4  09.00 

-l-o.  04 

-0.  07 

01.62 

6318 

11.502 

28.7 

30.  G 

59  28  04.  GO 

6365 

29.  700 

28.8 

30.  3 

38  15  10.43 

+0  24.  64 

-0.  70 

+0.  17 

01.  56 

6421 

18.625 

29.5 

30.2 

49  17  40.03 

6476 

20.  726 

23.9 

31.0 

48  42  14.81 

+  1  05.  19 

0.  7G 

+0.  02 

01.  88 

6553 

17.  304 

29.  7 

32.2 

32  18  18.  97 

6586 

19.  585 

30.0 

32. 1 

65  46  07.75 

1^ 

p 

•O 

—  0.  89 

-0.  02 

01.68 

6624 

22.  801 

31.  4 

31.5 

49  07  48.  00 

6681 

15.225 

29.  9 

31  3 

57  46  23.  61 

+3  55.  06 

—  1.  00 

+0.  07 

02.  44 

6728 

17. 146 

31.  1 

33.  3 

43  25  31.  40 

6748 

21.  225 

32.4 

32.2 

51  40  45.53 

-2  06.  56 

1 

p 

u. 

-0.  03 

01.  44 

6937 

15.  086 

31.6 

34  8 

36  28  1 '.  47 

6970 

22.719 

33.0 

31.4 

61  41  43.61 

-3  56.  83 

-0.  89 

— 0. 07 

01.  84 

7024 

15.  405 

32.3 

33.6 

61  51  21.75 

7073 

23.  724 

31.  1 

35.  0 

36  02  0  i.  62 

+4  18. 12 

-1. 16 

+0.08 

01.23 

7100 

10.  957 

33.  5 

31.  0 

42  45  45.  33 

7166 

27.  635 

31.4 

3).  1 

55  33  36. 26 

-8  37.  48 

-0.  71 

-0. 15 

02.  45 

7215 

12.063 

34.  0 

3^.5 

57  07  36.  57 

7277 

25.  207 

30.5 

37.0 

40  40  53.50 

+6  47.82 

-1.  11 

+0.11 

01.  86 

7320 

22.  638 

33.  0 

34.  1 

38  09  31.55 

7-Yr.  2395 

15. 522 

34.0 

33.7 

59  45  10.79 

+3  40.79 

-0.  18 

+0.  06 

49  01  01.84 

BEPOBT  OF  THE  CHIEF  ASTBONOMEB.  131 


Observations  for  Latitude. — Station  No.  8 — Continued. 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Latitudo. 

Remarks. 

Microm. 

Level. 

Merid. 

d;st. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  n 

/  n 

// 

n 

// 

o  /  // 

7377 

28.  915 

34.7 

33.8 

59  28  00.  05 

7398 

11.  C4G 

32.2 

36. 1 

38  51  55.  69 

—8  55.  81 

-0.  67 

—  9. 16 

49  01  01.53 

7410 

33.  401 

35.  1 

33.1 

02  02  59.  50 

7453 

25.  510 

32.  0 

36.  3 

36  07  19.23 

-4  06.  70 

-0.  51 

-0.  07 

02. 11 

7480 

19.  807 

34.5 

34.  1 

45  59  01.05 

7489 

20.  505 

33.  0 

35.  8 

52  03  44.56 

—0  19.80 

-0.  53 

-0.  01 

02.  47 

7027 

22.  995 

33.9 

35.8 

25  19  51.  6G 

7086 

15.  035 

34. 1 

36. 1 

72  34  30  54 

+3  49.35 

-0.  87 

+0.  08 

49  01  01.  00 

Mean  latitude  (72  determinations),  49°  01'  01".  G3. 
e  =  0".  487 
r  =  0".  324 
e0  =  0".  0574 
7  o  =  0".  0383 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 


Astronomical  Station  No.  9 — Mouse  Hirer,  271  miles  rvest  of  Pembina. — Observer,  J.  F.  Gregory,  Lieutenant  United 
States  Engineers.— Zenith  Telescope,  'Wiirdemann  No.  20. — Chronometer,  Negus  Sidereal  No.  .1481.] 


15.  A.  C. 
No. 

Headings. 

Declination. 

Coi  rections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

lied,  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

It 

n 

It 

o  r  n 

0047 

26.  020 

28.5 

26.2 

72  12  48. 12 

0073 

9. 158 

27.2 

28.5 

. 

26  04  24.  80 

-10  26.  49 

+0.  33 

-0.  21 

43  58  10.  09 

August  19. 

0114 

14.480 

28.0 

28.1 

70  58  51.28 

6157 

21.  645 

28.  7 

28.  2 

20  47  52.32 

+  4  48.  £0 

+0. 13 

+0.  10 

10.  53 

6263 

15. 109 

33.  5 

25.0 

39  20  30.  70 

62e9 

26.  400 

25.2 

33.  6 

58  43  50.59 

—  6  59.  51 

+0.  03 

-0.  12 

11.  01 

6318 

15.  637 

30.4 

28.7 

59  28  04.  61 

C365 

26.212 

29.  7 

31.  0 

38  15  10.  43 

+  6  32.  SO 

+0.13 

+0.11 

10. 00 

6421 

21.831 

28.3 

33.  0 

49  17  40.03 

6476 

18.  942 

33.4 

29.3 

48  42  14.  83 

—  1  47.  34 

-0. 20 

-0.  03 

. 

09.  86 

6553 

17.  203 

32.  8 

30.8 

32  18  18. 98 

6586 

23.  727 

30. 1 

33.  7 

65  46  07.76 

—  4  02.39 

-0.51 

-0.  08 

10.  38 

6024 

21.  512 

32.5 

31.3 

40  07  48.  00 

6081 

19.  811 

29. 1 

34.  7 

57  40  28.  61 

+  1  03.  20 

-1.  44 

+0.02 

10.  08 

6728 

16.  192 

33.0 

31.  0 

43  25  31.  40 

6748 

24.  231 

30.  6 

33.  6 

54  40  45.  53 

-  4  58.  63 

-0.  33 

-0.08 

09.  37 

6780 

22. 230 

30.6 

33.7 

57  43  01.05 

0817 

19.  445 

34.8 

30.  0 

40  16  48.32 

-  1  43.  47 

+0.  56 

-0. 03 

. 

11.  74 

6937 

15. 159 

37.9 

28. 1 

36  28  10.  45 

6970 

26. 148 

26.9 

39.3 

. 

01  41  48.60 

-  6  48. 29 

-0.85 

o 

1 

10.  23 

7024 

20.  851 

30.8 

35.5 

01  51  24.75 

7073 

23. 150 

38.7 

28.3 

36  02  03.  62 

+  1  25.  42 

+1.87 

+0. 03 

. 

11.51 

7100 

11.334 

34.3 

32.  6 

42  45  45.  33 

7166 

29.  883 

31.4 

36.3 

55  33  36.  26 

-11  28.  80 

-1.  05 

-0.  20 

— 

10.74 

7215 

17.  408 

31.7 

36.5 

57  07  36.  57 

7277 

23.718 

40.  8 

29.3 

40  40  53.  51 

+  3  54.  44 

+2. 19 

+0.07 

11.  74 

7027 

21.  282 

28.2 

24  0 

25  19  51.  66 

7086 

19.  736 

20.  6 

32. 1 

72  34  36.  54 

+  0  57.  44 

-2.39 

+0.  02 

09.17 

7755 

19.  336 

24.  3 

28.3 

58  47  24. 14 

7705 

22.  336 

97  9 

25.  8 

39  05  15.  50 

+  1  51.  46 

-0.  85 

+0.  03 

10.  46 

7787 

21.130 

24.  7 

28.2 

52  01  19.76 

7800 

22.  012 

26.  1 

26.  7 

45  53  58.  45 

+  0  33.  88 

—  1.34 

+0.01 

11.  65 

7962 

23.  531 

32.3 

22.0 

41  17  00.55 

8024 

12.  332 

21.  0 

33.  9 

56  25  28.20 

+  6  56.  09 

-0.  85 

+0.  12 

09.  74 

8036 

21.  821 

27.3 

27.  2 

49  21  49.21 

8059 

29.  347 

27.2 

27.0 

— 

48  36  21.40 

-  0  54.76 

-0. 10 

r.t 

o 

o 

1 

. 

10. 42 

8083 

18.  964 

24.8 

29.  8 

56  28  06.  64 

8128 

23. 117 

28.5 

26.  5 

. 

41  23  06.  07 

+  2  31.30 

-0.  98 

+0.  04 

09.  72 

8206 

20. 701 

27.0 

28.  1 

30  37  36.  74 

8273 

16.  485 

25.5 

30.0 

. 

67  06  05.  71 

-f  0  19.57 

—1.83 

+0. 12 

48  58  09.  09 
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Observations  for  Latitude. — Station  No.  9 — Continued. 


n.  a.  c. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microni. 

Level. 

Mend. 

dist. 

Micrnm. 

Level. 

Rofrac. 

Red.  to 
merid. 

IT. 

S. 

- 

m.  s. 

o  t  n 

/  // 

II 

II 

II 

o  /  // 

4G 

22.  020 

26.  3 

29.  7 

CO  49  34.26 

G7 

14.  500 

33.  0 

23. 1 

37  16  00.  O) 

4  39.  40 

+2.13 

-0.  06 

48  58  09.  90 

6047 

29.  448 

25.  7 

33.0 

72  12  48.22 

6073 

12.  595 

33.0 

26.  7 

26  04  24.  b7 

-10  26. 16 

—  0.  33 

-0.2L 

09.  83 

Cl  14 

17.288 

15.7 

10.3 

76  58  51.  53 

6157 

25.  036 

17.  1 

15.9 

20  47  52.  38 

+  4  47.  67 

+0.  20 

+0.  10 

. 

10.  12 

CC68 

16.  539 

16.5 

17.8 

39  26  30.  83 

0289 

27.  863 

19.1 

15.5 

. 

58  43  50.  74 

-  7  00.  73 

+0. 75 

-0. 12 

10.  09 

C31 8 

16.  024 

16.0 

18.9 

59  28  04.  76 

G3G5 

26.  575 

19.  8 

16.  0 

38  15  10.56 

+  6  32.  01 

+0.  29 

+  0.11 

10.  07 

6421 

22.  945 

17.0 

19.  0 

49  17  40. 15 

20.  018 

19.7 

17.  3 

48  42  15.  01 

—  1  48.75 

+0.13 

-0.  03 

08.  93 

0553 

17.  474 

19.3 

18.  7 

32  18  19. 13 

24.  031 

19.  5 

19.  0 

-  4  03.  62 

+0.30 

-0.  08 

10.  21 

6624 

21.  705 

19.3 

19.7 

40  07  48.  19 

6681 

20.  069 

20.5 

19.3 

. 

57  46  29.  05 

+  1  00.  78 

+0. 26 

+0.  02 

09.  68 

6728 

16.  435 

21.0 

18.8 

43  25  31.61 

24  494 

19.  8 

21.  1 

54  40  45.77 

-  4  59.  42 

+0.  59 

-0.  08 

09.  78 

6780 

22.  852 

19.2 

21.  9' 

57  43  01.30 

G817 

20  029 

23.  0 

18.  5 

40  16  48.54 

-  1  44.89 

+0.  59 

-0.  03 

10.  59 

6937 

15.  735 

21.9 

20.8 

36  28  10.  69 

6;  >10 

26  748 

20.  8 

21.  9 

61  41  48.  89 

—  6  49. 18 

0.  00 

-0. 12 

10.  49 

7024 

19.  862 

20.3 

22.5 

61  51  25.  04 

7073 

22  157 

23.  5 

19.  8 

36  02  03.  85 

+  1  25. 27 

+0.  49 

+0.  03 

10.  23 

7100 

11.907 

22.3 

21.0 

42  45  45.  58 

7160 

30.  473 

21.  6 

2-2.0 

. 

55  33  36.  56 

-11  29.80 

+0.  29 

-0.  2.) 

. 

11.36 

7215 

18.513 

21.7 

22.0 

57  07  30.  87 

7277 

94  803 

23.  5 

21. 0 

40  40  53.  77 

+  3  53. 70 

+0.  72 

+0.07 

09.81 

7320 

21.  4.71 

22.8 

22.  0 

38  09  31.81 

7-Yr.  2395 

20. 157 

22.9 

22.  0 

. 

59  45  11.  11 

+  0  48.  08 

1-0.  50 

+  0.  02 

10. 12 

7377 

31.  130 

22.  3 

2-2.  C 

59  28  0O.  98 

73qq 

23  5 

21.  7 

38  51  55.  96 

—  11  48.90 

(-0.  49 

-0.21 

0  1.  65 

7416 

26.  976 

2-2.8 

22.5 

62  02  59.  90 

7453 

23  7 

21  8 

36  07  19.50 

-  7  00.  69 

+0.  72 

-0.  15 

09.  58 

7480 

18.653 

23.7 

22.0 

45  59  01.  35 

7489 

23.  840 

22.0 

23.5 

. 

52  03  44.  88 

-  3  12.72 

+0.07 

-0.  03 

10.  42 

7505 

18.351 

21.7 

21.0 

37  58  04.  67 

7605 

24.  903 

21.9 

24.8 

. 

60  06  19.93 

-  4  03.  43 

+0.26 

-0.  07 

09.00 

7627 

21.563 

24.5 

22.  3 

25  19  51.  89 

7686 

20.  Ill 

23.2 

23.9 

. 

72  34  36.  91 

+  0  £3.  93 

+0.  49 

+0.  02 

08.  8G 

7755 

19.  864 

22.  7 

21.5 

58  47  24.  44 

7765 

22.  792 

25.  2 

22.0 

. 

39  03  15.  79 

+  1  48.79 

+0.  40 

+0.  03 

03.  39 

7787 

21.  937 

22.  6 

24.  3 

52  01  20.  09 

2")  0 

2  >  3 

45  53  58.  78 

+  0  29.  76 

+0.  33 

+0.01 

0 ).  5 1 

7962 

■  26.  859 

25,  2 

21.0 

41  17  00.86 

21  0 

24  6 

4-  6  55.  86 

+0.52 

+0. 12 

1 1 . 20 

8036 

22.  316 

21.0 

27.  1 

49  21  49.  55 

ft  050 

90  706 

28.  3 

20.  5 

48  36  21.  75 

-  0  56.  47 

+0.  75 

-0.01 

09.  91 

R083 

10  533 

23.  8 

25.  2 

56  28  07.  01 

812-i 

23.  G05 

27.6 

21.  8 

. 

41  23  06.38 

+  2  31.29 

+  1.41 

+0.01 

. 

48  58  09.47 
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Observations  for  Latitude. — Station  No.  9 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Mei'id. 

dist. 

Microm. 

Level . 

Refrac. 

Red.  to 
mend. 

N. 

s. 

m.  s . 

o  /  11 

i  n 

// 

// 

// 

O  III 

8-:og 

26.  252 

26.8 

23.0 

...  .  - . . 

10  37  37.  02 

8213 

16.  144 

25.  3 

24.  8 

67  06  06.08 

+  6  15.  55 

-fl.41 

4-0. 12 

48  58  Oft.  63 

8314 

25.  893 

24.8 

25.3 

73  42  13.50 

8324 

16.  040 

28.2 

21.  9 

24  26  17.  80 

-  6  06.08 

4-1.  90 

-0. 12 

11.  35 

46 

27. 842 

26.3 

24.5 

60  49  34.  46 

67 

20.  *-.80 

25.  4 

25.  8 

37  16  00.  49 

-  4  40.96 

4-0.40 

-0.  06 

06.  92 

Rejected. 

120 

1 1 .  650 

25.0 

26.  3 

32  52  57.  34 

175 

30  7tr0 

27.  0 

24.  6 

65  27  01.  65 

-11  50.76 

4-0.36 

-0.22 

08.  88 

108 

23.541 

27.0 

24.  5 

47  35  24.  17 

9.10 

20  038 

24.  7 

50  16  3*2.29 

+  2  10.15 

-1-1.  41 

4-0.  03 

09.  82 

239 

28.  286 

21.5 

29.9 

60  25  38.  04 

950 

1 3.  723 

33.0 

18.  5 

37  4ft  42.  1  4 

—  9  01.07 

4-2.  00 

-0. 10 

10.  86 

12- Yr.  73 

19.  482 

27.0 

24.  5 

67  66  03.  50 

345 

23.  636 

25.0 

26.6 

30  45  02.  97 

+  2  34.  34 

4-0.29 

4-0.  05 

07.  92 

401 

27.  542 

27.  2 

24.9 

28  04  34.61 

438 

15.  355 

27.2 

25.  I 

69  36  33.90 

+  7  33.  54 

4-1.  44 

4-0.  14 

09.  38 

6114 

16.  727 

21.  0 

22.2 

76  58  51.  52 

6157 

24.  528 

22.7 

22.  0 

20  47  52.  46 

+  4  49.  84 

-0.16 

4-o.  io 

11.  77 

A  n£ust  21. 

6268 

15.413 

23.4 

23.3 

39  26  30.  84 

6*289 

£6.  693 

23.  3 

23.  6 

58  43  50.  88 

-  6  59. 10 

-0.  07 

-0.  12 

11.57 

6318 

If.  648 

23.  0 

24.  0 

59  28  04.  89 

26.  240 

23.6 

24.  1 

38  15  10.  70 

+  6  33.  54 

-0.49 

4-o.il 

10.  96 

6421 

21.  740 

22.7 

25.  0 

49  17  41.  36 

18.  829 

25.2 

23.  0 

48  4*2  15.  i7 

-  1  48. 10 

-0.03 

-0.  03 

09.  54 

6553 

17.  492 

24.6 

23.9 

32  18  19.27 

6586 

24.  027 

24.8 

24.5 

65  46  08.  1 9 

-  4  02.  80 

4-0.33 

-0.  08 

11.  18 

6624 

22.  040 

24.  8 

25.0 

40  07  48.  36 

6681 

£0.  378 

25.9 

24.  8 

57  46  29.  04 

+  1  01.  75 

4-0. 29 

4-0.  02 

10.  76 

6728 

15.  935 

25.2 

26. 1 

43  25  31.81 

6748 

23. 965 

26.5 

25.  2 

. 

54  40  43.  99 

-  4  58.  35 

4-0. 13 

-0.  08 

10.  60 

6780 

22.  542 

24.7 

27. 2 

57  43  01.  43 

6817 

19.711 

29.  2 

22.8 

40  16  49.  73 

-  1  45.18 

4-1.28 

-0.  03 

. 

11.65 

6937 

15.  310 

27.8 

25.  0 

36  28  10.  90 

6970 

26.  329 

27.  3 

26.  3 

61  41  49. 16 

-  6  40.  40 

4-1.05 

-0.12 

11.  56 

7320 

21.  537 

21.  0 

19.0 

38  09  32.  05 

7-Yr.  2  ,05 

20.  191 

IS.  3 

*21.  7 

59  45  11. 43 

+  0  50.01 

-0.46 

4-0.  02 

11.31 

7377 

30.  293 

19.  8 

20.  5 

59  28  01.30 

7598 

11.  248 

20.  3 

20.  0 

38  51  56.  21 

-11  47.60 

-0. 13 

-0.21 

10.  82 

7410 

26.  514 

20.8 

19.  5 

62  02  60.  22 

15.  245 

19.  5 

20.  9 

36  07  19.  75 

-  6  58.  69 

-0.  03 

-0.  15 

1 1.  11 

7480 

18. 115 

21.  0 

19.  4 

45  59  01.72 

7489 

23.  267 

18.3 

21.  9 

52  03  45. 18 

-  3  11.42 

-0.  65 

-0.  05 

11.31 

7505 

18.  938 

19.5 

20.9 

37  58  04.93 

7605 

25.  435 

20.  0 

21.  3 

GO  06  20.26 

-  4  01.39 

-0.88 

-0.  07 

10.26 

7627 

21.379 

20.  9 

20.5 

25  19  52. 10 

7686 

19  876 

19.  3 

22.  3 

7*2  34  37.  26 

+  0  55. 84 

-0.85 

4-0.  02 

09.  09 

7755 

19.  430 

20.7 

21.0 

58  47  24.  78 

7765 

22  369 

21.  0 

20.  8 

39  05  16.08 

+  1  49.20 

-0.03 

4-0.  03 

09.  63 

7787 

21. 387 

20.  7 

21.0 

52  01  20. 42 

7800 

22.  253 

21.  0 

20.8 

45  53  59.  08 

+  0  32. 18 

-0. 03 

4-o.  oi 

48  58  11.  91 
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Observations  for  Latitude. — Station  No.  9 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

It  frac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  n 

/  II 

It 

II 

// 

O  /  // 

7820 

13.  503 

21.  0 

20.8 

48  50  06.  00 

7882 

28.  590 

20.2 

22.0 

49  24  56.  65 

-  9  20. 54 

-0.  52 

-0.16 

— 

48  58  10. 10 

7062 

26.  777 

21.8 

20.8 

41  17  01. 16 

8024 

15.  594 

20.0 

22.6 

56  25  28.  90 

+  6  55.  49 

—0.  52 

+0. 12 

10.  12 

8036 

21.  783 

20.7 

22.0 

49  21  49.  88 

8059 

20. 282 

22.0 

20.8 

48  36  22.  06 

-  0  55.77 

-0.  03 

-0.  02 

. 

10. 15 

8083 

18.  519 

20.8 

22.0 

56  28  07.  35 

8128 

22.  657 

21.  5 

20.  8 

41  23  06.  68 

+  2  33.  74 

-0. 16 

+0.  04 

10.  64 

8206 

26.341 

21.0 

21.0 

30  37  37. 28 

8273 

16.  145 

20.  7 

21.  1 

67  06  C6.  86 

+  6  18.  82 

-0. 16 

+0. 12 

10.  85 

8314 

25.  885 

20.7 

21.1 

73  42  13.  85 

8324 

16.  053 

21.  0 

20.  8 

24  26  18.  04 

-  6  05.30 

-0.  07 

—  0. 12 

10.  45 

46 

24.  850 

20.3 

22.5 

60  49  34.  83 

67 

17.  315 

22.  6 

20.6 

37  16  00.  76 

-  4  39.  96 

-0.  07 

-0.  06 

07.  71 

Rejected. 

120 

11.619 

22.0 

21.2 

32  52  57.  60 

175 

30.  670 

21.  6 

22.0 

65  27  01.  97 

-11  47.77 

+0. 13 

-0.  22 

11.  92 

198 

23.  283 

22.0 

21.7 

47  35  24.  51 

219 

19.  759 

21.  6 

22.  0 

50  16  32.  59 

+  2  10.  93 

-0.  03 

+0.  03 

09.  48 

239 

28.  692 

21.8 

22.0 

60  25  38.  46 

259 

14. 173 

22.  5 

21.2 

37  48  42.  41 

—  8  59.  44 

+0.36 

-0. 16 

11. 19 

12-  Yr.  73 

19.  053 

21.7 

22.3 

67  06  03.  81 

345 

23.  243 

21.1 

23.0 

30  45  03. 22 

+  2  35.  68 

-0.  82 

+0. 05 

. 

08.  43 

401 

27.  372 

21.9 

23.0 

28  04  34.  84 

438 

15.119 

23.0 

22.0 

69  36  34. 18 

+  7  35. 25 

-0.  03 

+0.14 

48  58  09.  87 

Mean  latitude  (80  determinations),  48°  58'  10".29. 
e  =  ±  0".  8721 
r  =  ±  0".  5882. 

£0=  ±  0".  0974. 
t0=  ±  0".  0658. 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  Station  No.  10— Mid  Cotean,  312  miles  west  of  Pembina. — Observer,.!.  F.  Gregory,  Lieutenant  United  Status 
Engineers. — Zenith  Telescope,  Wurdemanu  No.  20.— Chronometer,  Negus  Sidereal  No.  1481. J 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Itefrac. 

Red.  to 
merid. 

Remarks. 

N. 

S. 

m.  s. 

o  /  n 

/  // 

// 

// 

// 

o  /  // 

7787 

15.  804 

25.5 

28.  6 

52  01  25.06 

7t00 

21.  007 

28.0 

20.  5 

45  54  03.  33 

+  3  00.05 

-0.  36 

+0.  05 

49  00  43.  94 

September  4. 

7820 

12.  888 

26.5 

28.  0 

48  £0  10.  55 

7882 

26.  110 

27.7 

27  3 

49  £5  01.24 

-  0  50.  25 

-0. 25 

-0. 12 

. 

45. 27 

7902 

28.  358 

29.0 

26.  0 

41  17  05.38 

8024 

10. 1G1 

26.  0 

29.  8 

56  25  33.  81 

+  9  24. 01 

-0.  18 

+  0. 17 

44. 20 

8030 

17.  321 

25.5 

30.0 

49  21  54.  47 

8059 

20.  360 

31.  6 

24.  0 

+  1  34.  29 

+  0.  09 

-}-0.  02 

45. 55 

8083 

14.876 

27.  0 

28.0 

50  28  12.24 

8128 

2  >.  642 

28.  5 

<vy  o 

4  L  23  10.  91 

+  5  03.  01 

—  0.  07 

+  0.  09 

44.  61 

8200 

27.  606 

31.  0 

25.  3 

30  37  40.  87 

8273 

10.  581 

26.  0 

31.  1 

67  0G  11.50 

+  8  48.24 

+0.14 

+  0.  17 

44.  73 

8314 

22.  175 

29.0 

28.  0 

73  42  18.  98 

8324 

15.  284 

27.0 

30.  1 

. 

24  20  21.  10 

-  3  33.  81 

-0.  47 

-r.  07 

45.  72 

40 

21.380 

30.  2 

28.  0 

60.  49  38.  98 

07 

17.  205 

27.  0 

31.  0 

37  16  04.51 

-  2  09.54 

-0.  40 

-0.  03 

41. 18 

Rejected. 

120 

9.  720 

32.  3 

25.4 

32  53  01. 16 

175 

27.  7J4 

32.  9 

G5  27  06.  64 

-  9  18.62 

-0.  09 

-0.  1 1 

45.  02 

239 

25.061 

26.  1 

30.  1 

60  25  42.  94 

2.19 

12.  477 

31. 1 

27.2 

37  48  45.  98 

-  6  30.  45 

+0.  42 

0.  11 

4 1.  32 

Gr.  12- Yr.  73 

13.  528 

29.  4 

29.7 

67  0(1  08. 24 

343 

23.  4UG 

29.  0 

30.  0 

31  45  00.  47 

+  5  06.  49 

-0.29 

4-0.10 

43.  65 

401 

28.  762 

32.  2 

20.7 

23  04  37. 87 

438 

9. 230 

26.  9 

32.  1 

69  30  38.  41 

+10  06.  03 

+  0.  07 

+  0. 19 

44.43 

0421 

18.  631 

21.0 

21.6 

43  17  42.78 

0470 

20.011 

22.  1 

21.3 

. 

48  42  17.  70 

+  0  43.  75 

+  0.  04 

+0.01 

44.  04 

September  5. 

0553 

18.  458 

24.0 

20.  0 

32  18  21.  47 

6580 

21.  457 

23.  1 

21.7 

65  46  11.32 

-  1  33.  05 

+  1.07 

-0.  03 

. 

44.  39 

6624 

21.325 

23.  9 

21.  1 

40  07  51.01 

0681 

17.515 

24.0 

21.  1 

57  46  32.  32 

+  3  31.  30 

+  1.27 

+0.  06 

44.  29 

0728 

17.  813 

23.2 

22.  0 

43  25  34.  82 

0748 

22.  570 

22.  1 

23.  1 

54  40  49. 42 

—  2  27.  60 

+  0.04 

-0.04 

. 

44.  52 

6780 

19.  500 

22.7 

22.9 

57  43  05.  09 

6817 

20.  989 

21.9 

24.0 

. 

40  10  51.80 

+  0  46.01 

-0.51 

+  0.  02 

43.  97 

6937 

16. 153 

23.0 

22.8 

30  28  14.  03 

0970 

24.  510 

21.0 

22.  5 

. 

61  41  53.25 

-  4  19.48 

+0.51 

-0.C8 

44.  59 

7024 

17.  001 

22.7 

24.3 

01  51  29.53 

7073 

24. 581 

25.  1 

22.  0 

36  02  07.  38 

+  3  55. 19 

+  0.  40 

+0.07 

44. 11 

7100 

11.510 

23.  3 

24.0 

42  45  49.  51 

7100 

26. 940 

25.9 

.22.  0 

. 

55  33  41. 10 

-  9  01.00 

+0.71 

-0. 16 

44.  86 

7215 

14.  222 

23.  3 

24.4 

57  07  4 1.  56 

7277 

26.610 

20.  0 

22.0 

40  40  57.  86 

+  0  24. 37 

+  0.  65 

+0.  11 

. 

49  00  4 1.  84 

130 
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Observations  for  Latitude. — Station  No.  10 — Continued. 


B.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

lie  m  ark  p. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level 

Refrac. 

Red.  to 
merid. 

N. 

s. 

m.  s. 

o  /  n 

/  // 

// 

n 

// 

o  /  n 

7320 

23. 287 

24.  6 

23.  4 

38  09  35.  80 

, 

7.yr.  2395 

16.  910 

25.0 

23.0 

. 

09  45  16. 12 

+  3  17.86 

+  0.71 

+  0.  05 

49  00  44.  58 

7377 

29. 190 

23.4 

24.7 

59  28  06.  05 

73Qfi 

11.  Ill 

26.  3 

21.  8 

38  52  00.  13 

-  9  19.  08 

4  0.71 

-0. 16 

44.  56 

7410 

24.  146 

26.3 

21.8 

62  03  05. 12 

7453 

15.  432 

23.  3 

25.  0 

36  07  23.  56 

-  4  30.  37 

+  0.  62 

—0.  08 

44.  51 

7480 

19.  959 

25.5 

23.0 

45  59  06.  02 

74RQ 

21 .  367 

25.  0 

23.  8 

52  03  49.  86 

-  0  43.  68 

+0.  83 

—  0.  02 

45.  07 

7505 

18.  861 

23.2 

25.9 

37  58  09.  33 

21  808 

28.  0 

22. 1 

60  1 6  25.  35 

1  33.  30 

+  0.  71 

—0.  03 

44.  72 

7627 

23.  489 

29.  3 

20.7 

25  19  55.36 

7  fipfi 

16  887 

22.  0 

28.  5 

72  34  42.  70 

3  24.  84 

+  0.47 

+0.  07 

44.  41 

7755 

15.  425 

2.3.5 

13.2 

58  47  29.  95 

7765 

23.  866 

07.2 

29.6 

. 

39  05  20.31 

+  4  21.  90 

-2.  70 

+0.08 

41.  41 

7962 

29.  470 

19.3 

17.0 

41  17  06.15 

802  4 

11  310 

16.  3 

20.  2 

56  25  34. 11 

-t-  9  23.  46 

-0.  36 

+0. 17 

43.  40 

8036 

18.  412 

18.0 

18.  8 

49  21  54.  78 

R050 

21  472 

17  5 

19  1 

48  36  26.  95 

+  1  34.01 

—  0.  53 

+0.  02 

44.  36 

8083 

15.  931 

17.5 

19.0 

56  28  12. 08 

8128 

25.  589 

17.  8 

19.  0 

41  23  11. 19 

+  4  59. 66 

-0.  CO 

+  0.09 

41.  04 

Rejected. 

8206 

28.  365 

18.  5 

19.  0 

30  37  41.59 

8i.73 

11.  375 

20.  7 

18.  3 

07  06  11.  86 

+  8  47. 10 

+  0.  42 

+0. 17 

44.  47 

8314 

23. 135 

18.9 

19. 1 

73  42  19.  36 

8324 

16. 189 

11.7 

18. 1 

24  26  21.  40 

-  3  35. 52 

+  0.31 

-0.  07 

. 

45.10 

8366 

16.  335 

19.  1 

19.  0 

60  36  32. 21 

67 

24.  896 

20.  0 

19.5 

37  16  04.  89 

+  4  25.  63 

+  0. 14 

+0.  08 

44.  40 

120 

20. 145 

20.  0 

19.6 

32  53  01.  41 

175 

28. 178 

20.  6 

19.  0 

65  27  06.  99 

-  9  19.  52 

+  0.  44 

—0. 17 

44.  95 

198 

25.  551 

21.5 

18.0 

47  35  28.  94 

219 

10. 510 

18.2 

21.0 

50  16  37.  11 

+  4  40.  52 

+  0.  16 

+0. 03 

. 

43.79 

239 

26.819 

20.  5 

19.0 

60  25  43.  29 

259 

14.  249 

19.0 

20.2 

37  48  46.  36 

-  6  30.  02 

+  0.  07 

-0.11 

.... 

44.76 

Gr.t2.Yr.  73 

15. 181 

19.  8 

19.3 

67  06  08.  59 

345 

25.  045 

19.7 

19.5 

. 

30  45  06.  70 

+  5  CG.  06 

+0. 16 

+0. 10 

. 

45.  97 

401 

29.  978 

19  6 

19.5 

28  04  38. 10 

438 

10.  461 

18.  4 

£0.3 

69  36  38.  75 

+10  05.  5G 

-0.  40 

+0. 13 

. 

43.  77 

474 

13. 137 

21.  6 

13.6 

48  04  30.  45 

-  6  28.31 

+  0.  42 

-0. 11 

44.  69 

(,  487 

18.  327 

24.  6 

13.  6 

47  59  08.75 

\  522 

18.  942 

14.7 

23.  6 

50  02  53.  58 

-  0  19.  03 

+  0.47 

-0.  01 

....  . . 

42.  55 

560 

25.  052 

11.7 

23.  8 

. 

50  09  54.  93 

CU 

24.  981 

20.0 

18.5 

63  46  33.  26 

650 

16.  943 

18.3 

£0.3 

. 

34  23  17.  15 

-  4  C9.40 

-0.  11 

-0.  07 

. 

45.  63 

744 

21.  073 

19.3 

20.0 

66  49  47.  47 

752 

18.  929 

20.2 

19.  0 

31  13  57.  30 

-  1  06.52 

+0.  11 

-0.  02 

. 

45.  95 

825 

9.  635 

19.  2 

20.  4 

19  28  21.  25 

896 

30.  480 

21.7 

18.9 

78  54  43.01 

-10  46.  77 

+  0.  36 

-0.  25 

. 

45.  47 

979 

14.  099 

20.0 

21.0 

77  15  47.20 

999 

24  882 

20  9 

19.  6 

20  34  32.  09 

+  5  34.  57 

+  0.  07 

+0. 12 

44.  45 

1029 

16. 112 

21.  0 

19.  3 

25  12  22.  92 

1007 

21.539 

19.7 

21.0 

72  54  43.  10 

-  2  48.  39 

+0.  01 

-0.  06 

49  03  44.65 
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Observations  for  Latitude. — Station  No.  10 — Continued. 


B.  A.C. 
No. 

Headings. 

Dec’ination. 

Corrections. 

Latitude. 

Remarks. 

Microrn. 

Lovel. 

M  rid. 
dist. 

Microm. 

Level. 

Rcfrae. 

Red.  to 
mend. 

N. 

s. 

in.  s. 

o  /  n 

/  it 

// 

it 

// 

o  /  n 

1203 

21.961 

22.1 

18.  4 

62  41  46.81 

1228 

1G.  351 

20.0 

20.9 

. 

35  25  32. 13 

-  2  54.  06 

+  0.  G2 

-0.  05 

49  00  45.  98 

1254 

26.  777 

19.0 

21.7 

50  00  15.71 

23  001 

22  0 

18  6 

48  05  03.  98 

—  1  54.  37 

4  0.16 

-0.  03 

45.  61 

G421 

19. 272 

17.  6 

18.0 

49  17  42.  89 

G47G 

20.  722 

17.0 

19.  1 

. 

48  42  17.  82 

-f  0  44.99 

-0.56 

40.01 

44.  81 

September  G. 

G553 

18. 247 

19.5 

17.0 

32  18  21.56 

finR6 

21  212 

17  5 

19  5 

65  46  11.  45 

-  1  32.  03 

40.11 

-0.  03 

44. 55 

GG24 

23.  843 

19.7 

17.2 

40  07  51. 14 

16.  974 

1  4 

20.  2 

57  46  32.48 

+  3  33. 16 

-0.  07 

40.  06 

44.  96 

G728 

17.  (  03 

19.0 

19.2 

43  25  34.  97 

H748 

22.  343 

19.  0 

19.  2 

54  40  49.  59 

-  2  27.  07 

-0.  09 

-0.  04 

45.  08 

G780 

19.  264 

18.0 

20.5 

57  43  05.  28 

6817 

20.  780 

20.  0 

19.  0 

40  16  51.96 

-f  0  47.  04 

-0.  33 

40.  62 

45.35 

G937 

15.  828 

20.0 

19.5 

36  28  14. 18 

6970 

24. 162 

20  5 

19.  4 

61  41  53.47 

—  4  18.58 

40.  36 

-0.08 

45.  53 

7024 

16.  922 

20.  0 

20.0 

61  51  29.76 

7073 

24  542 

19  2 

21.  0 

36  02  07.  56 

+,  3  57.  05 

-0.  40 

40. 07 

45.  38 

7100 

11.327 

20.  5 

19.7 

42  45  49.  71 

7166 

28.  717 

20.  0 

20.  6 

55  33  41.34 

8  56.  47 

40.  04 

—0. 16 

48.94 

Rejected. 

7215 

14.010 

20.2 

20.2 

57  07  41.  80 

7277 

26.  395 

20.  0 

21.  0 

40  40  53.00 

+  G  24. 31 

-0.  22 

40. 11 

44. 13 

7320 

23.041 

20.5 

20.  4 

38  09  36.  00 

7- Yr.  2395 

16.  671 

22.  0 

19.  0 

59  45  16.38 

-|-  3  17.  65 

40.  69 

40. 05 

44. 58 

7377 

29. 171 

19.8 

22.0 

59  28  06. 32 

7398 

11.  210 

22.  4 

19.  6 

38  52  00.34 

-  9  17.25 

40. 14 

0.  16 

46. 06 

7416 

24.  397 

22.  1 

20.0 

62  03  05.  40 

7453 

15.  713 

20.  7 

21.  7 

36  07  23.77 

-  4  29.  44 

+  0.  25 

-0.  06 

45.  31 

7480 

20.  069 

22,  1 

20.3 

45  59  06. 20 

7489 

21.  490 

21.  2 

21.  2 

52  03  50. 1 L 

-  0  44. 12 

40.40 

—  0.  02 

44.  45 

7505 

18.  671 

25. 1 

17.3 

37  58  09.  12 

7605 

21.  680 

18.  5 

25.  1 

60  06  25.  86 

-  1  33.33 

40.27 

—0.  03 

44.  40 

7627 

23.  486 

21.2 

22.  4 

25  19  55. 53 

16.  890 

23.  2 

21.2 

72  34  43.  02 

-1  3  24.  G6 

40. 18 

40.07 

44. 19 

7755 

16.  016 

23.2 

21.6 

58  47  30.25 

7765 

24.  388 

21.  4 

23.  5 

39  05  20.  55 

+  4  19.76 

-0.  11 

40.08 

45. 13 

7787 

17.  226 

22.1 

22.8 

52  01  25.  G6 

780J 

23. 008 

23.0 

23.2 

. 

45  54  03.  97 

+  9  01.  26 

40.02 

40.  05 

4G.  15 

7820 

13.  973 

21.0 

21.0 

48  50  11. 13 

7882 

27.  212 

21.  8 

24.  2 

49  25  01.  83 

—  6  50.  74 

40.  14 

0. 12 

45.  76 

7962 

29.  427 

£2.  7 

23.7 

0  5 

41  17  05.91 

8024 

11.233 

£3.6 

23.3 

5G  25  31.42 

+  9  24.51 

-0. 16 

40.  17 

40  01 

44.  70 

RP3G 

18.  541 

23. 1 

23.9 

49  21  55.(7 

8053 

21.597 

21.  1 

23.  G 

48  36  27.  £5 

rvt 

00 

n 

-0.  29 

40.  0! 

— 

41.  71 

8033 

15.  877 

23.3 

23.  4 

56  28  12,  90 

8123 

25.  625 

23  0 

24.  0 

41  21  11.46 

+  5  02. 46 

-0.25 

40.01 

. 

41  00  44.  48 

Mean  of  station  (66  determinations),  -19°  00'  44".73. 
e  =  ±  0".G783 
r  =  ±  0"  4375 
e0  =  ±  0".0835 
Ty  =  j.  0". 0563 
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Observations  for  Latitude. 

[  Astronomical  Station  No.  11— Bully  Spring,  363  miles  west  of  Pembina.— Observer,  J.  F.  Gregory,  United  States  Engineers.— 
Zenith  Telescope,  Wiirdemann  No.  20. — Chronometer,  Negus  Sidereal  No.  1481.] 


B.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microro 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

Of  II 

/  // 

If 

If 

n 

o  /  // 

6937 

16.  380 

15.2 

17.0 

36  27  75.  73 

C970 

24.  002 

17.  0 

15.  3 

61  41  55.  47 

—  3  56.  49 

-0.  02 

-0.  07 

49  01  09.  02 

September  14. 

7024 

16.  264 

18.  4 

14.0 

61  51  31.  82 

7073 

24.  570 

14.  5 

18.  0 

36  02  09. 17 

+  4  17.71 

-j-0.  20 

+0.  08 

08.  49 

7100 

11.697 

17.1 

15.4 

42  45  51.  51 

7166 

28. 350 

15.5 

17.6 

. 

55  33  43.  46 

-  8  36.  70 

-0.09 

-0. 15 

10.54 

7215 

13. 186 

17.1 

16. 1 

57  07  43.  99 

7277 

26.  399 

16.  8 

18.  0 

40  40  59.  96 

+  6  47.  79 

-0.  04 

+0. 12 

09.  85 

7320 

23.  491 

20.0 

15.  1 

38  09  37.  86 

7-Yr  2395 

16  338 

14  3 

21.  1 

59  45  18.76 

+  3  41.  94 

-0.  42 

+0.  06 

09.  89 

7377 

28.  683 

19.3 

17.0 

59  28  08. 74 

739  ft 

11  438 

15.  3 

21.  0 

38  52  02.28 

—  8  55.  07 

-0.  76 

-0. 16 

09.  52 

7416 

23.  802 

21.0 

15.3 

62  03  07.  92 

7453 

15  846 

14  3 

22  3 

36  07  25.  68 

-  4  06.85 

-0.51 

-0.  07 

09.  37 

7480 

19.  622 

19. 1 

17.7 

45  58  68.  48 

74  RQ 

20  260 

17  0 

20.  5 

52  03  52.  49 

-  0  19  80 

-0.  47 

-0.  01 

10.  20 

7627 

23.  864 

23.0 

14.4 

25  19  56.  99 

7666 

16.  524 

14. 1 

23.  7 

72  34  45.  95 

+  3  47.  74 

—  0.  22 

+0.  08 

09.  07 

7755 

15.  451 

18.0 

20.  1 

58  47  32.  95 

7765 

24.  530 

18.  7 

19.  4 

39  05  22.  73 

+  4  41.70 

-0.  62 

+0.  08 

09.00 

7787 

17.  430 

18.3 

19.  7 

52  01  28.22 

78U0 

23.  981 

18.  3 

19.  5 

45  54  06.41 

+  3  23. 26 

0.  58 

+0.  06 

10.  05 

7820 

14.  309 

17.0 

£0.7 

48  50  13.61 

7882 

26.  822 

20.0 

18.9 

49  25  04.  35 

-  6  28.  25 

-0.  53 

-0.11 

. 

10.  04 

7962 

29.  415 

20.5 

17.7 

41  17  08.  23 

8024 

10  560 

19  0 

18  0 

56  25  37.  20 

+  9  45.  02 

+0.85 

+0.  17 

08.  76 

8036 

18.  093 

17.7 

19.  1 

49  21  57.  67 

8059 

21.  778 

£0  2 

16.  0 

48  36  29.  82 

+  1  54.  34 

+0.  62 

+0.  01 

08.74 

8083 

15.  571 

18.2 

17.  5 

56  £8  15. 67 

8128 

26  022 

17  0 

18  6 

41  23  13.81 

+  5  24.  27 

—0.  20 

+0. 10 

08.91 

8206 

28.  640 

17.0 

18.6 

30  37  43.  28 

8273 

10  918 

16  5 

19.  0 

67  06  15.  17 

+  9  09. 87 

-0.  91 

+0.17 

08.  36 

6624 

24.  776 

13.0 

16.7 

40  07  52.  45 

fifift  | 

17  237 

20  3 

10  0 

57  46  31. 15 

+  3  53.  92 

+1.  47 

+0.  07 

08.  76 

September  15. 

6728 

13.  058 

16.0 

14.2 

43  25  36.  52 

6748 

22  065 

1  1  0 

16  6 

54  40  51.36 

-  2  04.  36 

-0. 18 

-0.  03 

09.  37 

6780 

18.  379 

15.3 

15.  2 

57  43  07.  14 

68 17 

20.  627 

15.3 

16.0 

4J  16  53.  56 

+  1  09.  76 

-0.14 

0.00 

. 

09. 97 

6937 

16.  195 

17.  3 

16  1 

31  28  15  83 

6970 

23.  839 

17.7 

16  7 

61  41  5\  6'J 

-  3  17.17 

+0.  49 

-0.  07 

. 

49  01  09.  01 

1 
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Observations  for  Latitude. — Station  No.  11 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Mierom 

Level. 

Mcrid. 

diet. 

Mierom. 

Level. 

Iteli  ac. 

Red.  to 
iu  ci  id. 

N. 

S. 

m.  s. 

o  /  n 

/  n 

// 

n 

// 

o  /  // 

702-1 

15.  743 

17.  0 

17.4 

61  51  32.06 

',070 

24. 063 

18.8 

15.7 

36  02  09.  34 

+  4  18.  15 

+0.C0 

+  0.(8 

49  01  09.  53 

7100 

12. 196 

19.6 

15.0 

42  45  51.72 

7100 

28.  882 

10.  4 

18.  0 

55  33  43.  70 

—  8  37.  73 

+0.  07 

0. 15 

10.  50 

7215 

13.  348 

17.  2 

17.0 

57  07  44.  24 

7277 

26.  401 

18. 1 

16.5 

. 

40  41  00.  18 

+  6  45.  00 

+0.40 

+0.12 

07.  73 

7320 

23. 183 

19.0 

16.3 

38  09  38. 08 

7-Yr.  2305 

16. 112 

19.  0 

17.0 

. 

59  44  79. 03 

+  3  39.  40 

+1.05 

+0.06 

09.07 

7377 

29.  005 

17.  7 

18.5 

59  27  69.  03 

7308 

11.  713 

£0.  3 

15.7 

38  51  62.  52 

-  8  56.  53 

+0.85 

-0. 16 

09.  93 

7416 

23.  913 

20.  4 

16.0 

62  02  68.  21 

7453 

15.  892 

18.  0 

18.  3 

36  u7  £5. 91 

-  4  08.  87 

+0.91 

-0.  07 

09.  03 

7480 

20.  021 

19.  1 

17.5 

45  59  08  74 

7489 

20.741 

19.8 

17.  0 

52  03  52.  78 

-  0  22.  34 

+0.98 

-0.01 

09. 39 

7127 

23.  841 

19.  1 

18.2 

25  19  57.  24 

7G6G 

16.  529 

18.9 

19.1 

72  34  46. 28 

+  3  46.  87 

+  0. 16 

+0.  08 

08.87 

7755 

16.  257 

19.5 

19.  0 

58  47  33.  29 

7705 

25. 294 

19.0 

19.5 

39  05  23.  00 

+  4  40.  40 

0.  00 

+0.  03 

08.  63 

7787 

17.  020 

19.7 

18.8 

52  00  88.  55 

7800 

23.  532 

19.0 

19.4 

45  54  06.  72 

+  3  22.  05 

+0.11 

+0.  00 

09.  85 

7820 

14.  849 

17.2 

21.0 

48  50  13.  92 

7882 

27.  450 

23.  2 

16.0 

49  24  64.  68 

-  6  30.  36 

+0.  76 

-0. 11 

09.  59 

7962 

29.  770 

20.0 

20.0 

41  17  08.  53 

8024 

10.  938 

21.  0 

18.7 

56  25  37. 56 

+  9  44.  31 

+0.71 

+0.17 

08.24 

8036 

18.  752 

37.  0 

03.  3 

49  21  58.00 

8059 

22.  457 

03.6 

37.0 

48  36  30. 15 

+  1  54  90 

+0.  07 

+0.  03 

. 

09. 13 

8083 

14.  851 

22.0 

18.4 

56  28  16.  03 

8128 

25.  264 

19.8 

21.0 

41  23  14.11 

+  5  23.  09 

+0.  53 

+0. 10 

08.  79 

8206 

28.  800 

21.  0 

20.0 

30  37  43.  54 

8  273 

11.  141 

22.0 

19.5 

67  06  15.  57 

+  9  07.  91 

+0.78 

+0. 17 

08.  42 

8314 

22.  077 

21.7 

20.  0 

73  42  23. 16 

8324 

16.  706 

21.  0 

20.3 

24  26  23.  51 

-  3  14.  57 

+0.  53 

-0.  07 

09. 22 

46 

£8. 112 

21.0 

20.  7 

60  49  49.  07 

67 

24.  064 

22.  0 

19.5 

37  16  07.  55 

-  1  50.09 

+0.  62 

-0.03 

08.81 

120 

11. 045 

20.3 

21.0 

92  53  03.  88 

175 

28.  407 

23.0 

19.0 

65  27  10.  52 

-  8  58. 70 

+0.  74 

-0. 17 

09. 07 

198 

25.  207 

£0.2 

£0.  1 

47  35  31.97 

219 

15.  525 

23.0 

18. 1 

50  16  40.  21 

+  5  00.  41 

+1.11 

+0.  03 

07.  69 

239 

26.  021 

21.  5 

20.0 

60  25  46.  65 

259 

14.  1 10 

21.8 

19.0 

37  48  48.  96 

-  6  09.  57 

+0. 96 

-0. 10 

C9. 10 

Gr.  12- Yr.  73 

14.  859 

21.  4 

19.  0 

67  06  11.98 

345 

25.  409 

19.  7 

21.  0 

30  44  68.  96 

+  5  27.  34 

+0. 25 

+0.  10 

08.  16 

474 

14.  048 

25.  5 

15.  1 

48  04  33. 19 

487 

19.  229 

25.  5 

15.  1 

47  59  11.48 

522 

19. 181 

17.0 

23.  8 

50  03  01.57 

+  0  01.  49 

+0.  80 

0.  00 

OP.  P2 

5C0 

25.  864 

16.8 

23.  S 

50  09  57.  64 

-  6  06.78 

+0.70 

-0. 10 

09.  29 

611 

23.  613 

19.  0 

21.7 

63  46  36.  27 

656 

10.243 

23.  0 

17.7 

34  23  19.21 

-  3  48.  67 

+0.  58 

-0.  C7 

09.  58 

744 

£0.  461 

21.0 

20.0 

66  49  49.  52 

702 

19.  000 

20.  2 

20.  6 

31  13  59. 14 

-  0  45.  33 

+0.14 

-0.  02 

. 

49  01  09. 12 
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Observations  for  Latitude. — Station  No.  11 — Continued. 


B.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Lalitude. 

Remarks. 

Microin . 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Rod.  to 
merid. 

N. 

s. 

m.  s. 

o  /  n 

/  // 

// 

n 

// 

O  /  II 

825 

9.  996 

21.7 

19.4 

19  28  22.  60 

8D6 

30  ISO 

20.  5 

20.  5 

78  54  45.42 

-10  25.33 

+0.  51 

-0.  24 

49  01  08.  95 

979 

13.  740 

20.7 

20.4 

77  15  49.48 

999 

25.  245 

21.0 

19.7 

20  34  33.  30 

+  5  56.  97 

+0.  36 

+0.13 

. 

08.85 

1101 

16.758 

19.5 

21.1 

25  12  24.28 

1127 

21.  498 

23.  4 

17.  1 

72  54  45.  07 

-  2  27.  07 

+1.05 

-0.  05 

. 

08.  61 

1203 

22.  920 

21.0 

19.3 

62  41  48.36 

1228 

18.  021 

20.6 

19.6 

. 

35  25  33.33 

-  2  32.  00 

+0.  60 

-0.  04 

09.  40 

1254 

21.  869 

22.2 

17.7 

50  00  16.  85 

19A7 

1H  8Q0 

10.  0 

20  7 

48  05  05. 18 

-  1  32.43 

+0. 62 

-0.  02 

09. 18 

0624 

23.  926 

12.8 

11.7 

40  07  52.  54 

Ifi  410 

17.  1 

07  9 

57  46  34.28 

+  3  52.  92 

4-2.30 

+0.07 

08.  70 

September  1 0. 

6728 

17.  802 

9.  3 

15.7 

43  25  36. 64 

G748 

21.  818 

13.  0 

12.  0 

54  40  51.50 

—  2  04.  61 

-1.  20 

-0.  03 

08.  23 

0780 

18.  883 

14.  1 

10.7 

57  43  07  29 

G817 

21. 108 

9.5 

40  16  53.  69 

+  1  09.04 

-0.  60 

+0.00 

08.  93 

6937 

16.  638 

15.4 

10.  6 

36  28  15. 98 

C97U 

11.  2 

15.  0 

61  41  55.91 

3.  57  27 

+0.  22 

-0.  07 

08.  83 

7024 

16.  208 

14.1 

12.0 

61  51  32.  27 

7073 

24.  506 

12.  I 

14.  2 

36  02  09.  50 

+  4  17.  47 

0.  00 

+0.  08 

08.  84 

7100 

11.797 

14.0 

12.  5 

42  45  51.90 

7166 

28.  481 

12.  7 

14.  0 

55  33  43.  93 

—  8  37.66 

+0.  04 

—0. 15 

10.  14 

7215 

13.  310 

14.0 

13.4 

57  07  44.  48 

7277 

26.  408 

13.  8 

14.  1 

40  40  60.  38 

+  0  46.40 

+0.  07 

+0. 12 

09.  02 

7787 

17. 290 

7.4 

22.2 

52  01  28.84 

7800 

23.  748 

23.  6 

6. 1 

45  54  07.  00 

+  3  20.  38 

+0.60 

+0. 06 

08.  96 

7820 

14.768 

15.2 

14.7 

48  50  14.  22 

7882 

27.  378 

18.  0 

12.  0 

49  25  04.  99 

—  6  31.26 

+1.  45 

-0. 11 

09.  68 

7962 

29.  672 

19.0 

12.0 

41  17  08.81 

8024 

10.  882 

16.  5 

14.  7 

56  25  37.  90 

+  9  43.  01 

+1.9S 

-f  0.  17 

08.  50 

8036 

18. 190 

15.0 

16.0 

49  21  58. 33 

8039 

21.  854 

18.0 

13.  0 

. 

48  36  30.  48 

+  1  53.  68 

+0.  80 

+0.  03 

09.01 

8083 

15. 180 

17.  6 

13.4 

56  28  16.  39 

8128 

25.  581 

17.  0 

14.  0 

41  22  74.  41 

+  5  22.  72 

+1.61 

+0. 10 

09.  83 

8206 

28.  886 

16.0 

15.  8 

30  37  43.  79 

8273 

11.211 

16.  8 

15.  8 

67  06  15.95 

+  9  08.  41 

+0.27 

+0.  17 

08.  72 

8314 

22.  958 

18.0 

14.  2 

73  42  23.  56 

8324 

16.  670 

14.7 

17.  4 

24  26  23.  73 

-  3  15. 10 

+0.25 

-0.07 

49  01  08. 73 

Mean  latitude  (64  determinations),  49°  01'  09".  1 1. 

c  =  0".fil3 
r  =  0".408 
£0  =  0".077 
t0  =  0".051 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  Station  No.  12—408  miles  west,  of  Pembina. — Observer,  J.  I?.  Gregory,  Lieutenant  United  States  Engineers. — 
Zenith  Telescope,  AYiirdemann  No.  20. — Chronometer,  Negus  Sidereal  No.  1481. J 


Readings. 

Corrections. 

B  A.  C. 

No. 

Level. 

Declination. 

Latitude. 

Remarks. 

Microm. 

Merid. 

Microm. 

Levtl. 

Refrac. 

Red.  t  o 

N. 

s. 

dist. 

merid. 

m.  s. 

o  /  n 

/  // 

// 

// 

// 

O  /  // 

7100 

7166 

10. 336 
30. 243 

14.  0 
18.0 

17.0 

13.8 

. 

42  45  52.  47 
55  33  44.  65 

-10  17.  66 

4-0.27 

-0. 18 

48  59  30.  99 

September  20. 
Rejected. 

7215 

14.907 

14.3 

17.  0 

57  07  45.  24 

7277 

24.  783 

1G.  0 

15.  8 

40  41  01.00 

+  5  CG.  43 

-0.  56 

4-0.  09 

29.08 

7320 

22.  027 

15.0 

16.5 

38  09  38.  88 

7-Yr.  2395 

18. 179 

14.  7 

17.  0 

59  45  20. 17 

-f  1  59.  39 

-0.85 

4-0.13 

28.  09 

7377 

30.  500 

14.  7 

17.0 

59  28  10.20 

7398 

9.  973 

16.8 

14.6 

38  52  03.  59 

-10  36.90 

-0.  C2 

-0. 19 

29.69 

74 1C 

25.  685 

15.  0 

17.0 

62  03  09.  49 

7453 

14.  445 

19.0 

13.0 

36  07  26.  76 

-  5  48.  75 

4-0.  89 

-0.  10 

30. 16 

7480 

18.233 

14.2 

17.5 

45  59  09.  80 

7489 

22. 181 

18.5 

13.8 

. 

52  03  53.  94 

-  2  02. 50 

4-0.  31 

-0.  03 

. 

29.  65 

7505 

17.  G39 

17.  0 

15.  0 

37  58  12.  31 

7C05 

23. 206 

15.3 

17.1 

60  06  29.  93 

-  2  52.  73 

4-0.  04 

-0.05 

28. 38 

7627 

22.  029 

15.7 

16.9 

25  19  58.18 

7G8C 

17.  973 

18.0 

14.7 

72  34  47.78 

-f  2  05.  85 

4-0.47 

4-0.01 

29.  34 

7755 

17.  073 

13.0 

19.  8 

58  47  34.72 

7765 

22.  810 

20.0 

12.8 

39  05  24.08 

+  2  58.  94 

4-0.  09 

4-0.  05 

28.48 

7787 

18. 981 

17.3 

15.0 

52  01  29.  89 

7800 

22. 224 

14.2 

17.9 

45  54  07.  96 

+  1  40.  62 

-0.31 

4-0.02 

29.  23 

6553 

16. 757 

13.8 

12.8 

32  18  22.90 

6586 

22.  259 

14.8 

12.0 

65  46  13.  58 

-  2  £0.  71 

4-0.  85 

-0.  06 

28. 32 

September21. 

6624 

22.  466 

14.8 

11.7 

10  07  52.  85 

GGirl 

18. 128 

12.6 

14.0 

57  46  34.  77 

+  2  14.  60 

4-0.  38 

4-0.03 

28.82 

0723 

16.  338 

13.8 

12.8 

43  25  37.  07 

6748 

23. 622 

14.6 

12.0 

54  40  52.  05 

-  3  46.  00 

4-0.80 

-0.  07 

29. 29 

6780 

20.  450 

12.  4 

14.3 

57  13  07.  90 

6817 

19.410 

15.6 

11.  3 

40  16  54.  16 

-  0  32.  27 

4-0.53 

-0.01 

29.28 

6937 

14. 585 

11.0 

10.  0 

36  28  16.50 
61  41  56.  70 

6970 

25.  490 

18.9 

03.0 

-  5  38. 35 

4-1.32 

-0. 10 

29.  47 

7024 

17.  449 

12.8 

13.5 

61  51  33. 12 

7073 

22. 512 

12.8 

13.1 

36  02  10. 10 

-f  2  37.  C9 

0.  21 

4-0.01 

28.52 

7215 

14.  960 

14.6 

12.  4 

57  07  45.  43 

7277 

24.  789 

12.  0 

15.0 

40  41  01.17 

4-  5  04.  97 

-0. 18 

4-0.  03 

28.18 

...... 

7320 

22. 147 

11. 1 

15.  8 

38  09  39.  04 

7-Yr.  2395 

18. 330 

17.0 

10.0 

59  45  20.  38 

4-15043 

+  0.51 

4-0.01 

28.68 

7377 

30.  575 

14. 1 

13.  0 

C9  28  10.  42 

7398 

10. 025 

13.0 

14. 1 

38  52  03.56 

-10  37.62 

0.00 

-0.  19 

29. 18 

7416 

25.  543 

14.  6 

12.7 

62  03  03.  74 

7153 

14. 280 

13.0 

14.5 

36  07  21.93 

—  5  4  3.  4 1 

4-0.09 

-0.  10 

43  59  28.  86 
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Observations  for  Latitude. — Station  Wo.  12 — Continued. 


B.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

II 

II 

n 

O  1  II 

7480 

18.  333 

13.0 

14.  6 

45  59  10.  00 

7489 

22.  303 

16. 1 

11.  1 

52  03  54. 17 

—  2  03. 18 

+0.  76 

-0.  03 

48  59  29.  63 

7505 

17.  379 

15.6 

11.6 

37  58  12.  48 

7G05 

22.  953 

13.  0 

15.  7 

60  06  30. 19 

-  2  52.  95 

+0. 29 

-0.  05 

28.  63 

7627 

21.  723 

16.0 

12.  8 

25  19  58.  35 

7686 

17.  680 

13.  8 

15.  5 

72  34  48.  07 

+  2  05.  44 

+0.  33 

+0.  04 

29.  02 

7755 

17.  485 

14.7 

14.5 

53  47  34.  98 

7765 

23. 220 

15.  7 

13. 1 

39  05  24.28 

+  2  57.  94 

+0.  02 

+0.  05 

28. 24 

7787 

19.  492 

14.4 

14.  5 

52  01  30  14 

7800 

22.  635 

16.  0 

13.  0 

45  54  08.  20 

+  1  39.  07 

+0.65 

+0.  02 

28.  91 

7820 

12.  907 

13.  0 

15.  6 

48  50  15.  47 

7882 

28.  767 

17.  1 

12.  0 

49  25  06.  28 

—  8  12.  10 

+0.56 

0. 14 

29.  20 

7962 

28.  250 

12.2 

17.2 

41  17  09.  97 

8024 

12.  699 

20  0 

09.  0 

56  25  39.  37 

+  8  02.51 

+1.34 

+0. 14 

28.  66 

8036 

19.  676 

14.  7 

14.4 

49  21  59.  68 

8059 

20.  094 

16.  0 

12.  4 

48  36  31.  82 

+  0  12.97 

+0.67 

0.  00 

29. 59 

8083 

16.  862 

14.6 

13.2 

56  28  17.  89 

8128 

24.  000 

14.  0 

13.  2 

41  23  15.  G3 

+  3  41.47 

+0.  49 

+0.  07 

28.79 

8206 

26.911 

14.0 

13.5 

30  37  44.  77 

8273 

12.  535 

15.  7 

12.2 

67  06  17.  65 

+  7  26.  C5 

+0.  89 

+0. 14 

28.  29 

8314 

24.  722 

13.0 

14.8 

73  42  25.  32 

8324 

15. 180 

15.  8 

11.  7 

24  26  24.  57 

—  4  56.  06 

+0.  51 

-0. 10 

29.  29 

46 

23.  577 

15  7 

12.0 

60  49  51.  04 

67 

16. 155 

13  7 

14.  0 

37  16  09.  03 

3  31.  67 

+0.  76 

0.  06 

29.  07 

120 

10. 146 

13.0 

14.2 

32  53  05.22 

175 

30.  755 

13.8 

13.  6 

. 

65  27  12.  58 

-10  39.  45 

-0. 22 

-0.  20 

29.  03 

198 

23.  518 

16.8 

10.3 

47  35  33.  69 

219 

17.  091 

11  4 

15.  4 

50  16  42.  00 

+  3  19.  41 

+0.  56 

+0.  00 

27.  88 

239 

27. 198 

13.0 

14  0 

60  25  48.63 

259 

12.  021 

15.  6 

11.  0 

37  48  50.  43 

-  7  50.  90 

+0.  80 

-0.  14 

20.  29 

G.  12-Tr.  73 

16.  694 

14.  6 

19. 1 

67  06  14.02 

345 

24.  016 

09.  9 

17.  0 

30  45  10.21 

+  3  47. 18 

-1.  03 

+0.08 

28.  35 

401 

28.  269 

15.7 

11.8 

28  04  41.33 

438 

1 1  289 

1  1  3 

in  i 

69  36  42  99 

+  8  46.  8,7 

-0.20 

+0.  17 

28.  98 

7215 

14.  778 

19.5 

13.3 

57  07  46.  55 

24.  583 

14.  3 

19.  4 

40  41  02.12 

+  5  C4. 20 

+0.  25 

+0.  09 

28.  89 

Septem1'er20. 

7320 

21.549 

18  7 

15.  1 

38  09  39.  97 

7-Yr.  2395 

17.  751 

17.  1 

16.8 

59  45  21.  64 

+ 

CO 

+0.  87 

+0.  03 

. 

29.  55 

7377 

30.  538 

14.6 

19.  5 

59  28  11.  70 

7398 

9.  942 

20.  9 

13.  0 

38  52  04.  56 

—  10  39  04 

+0.  67 

-0.  19 

29.  57 

7416 

25. 133 

21. 1 

12.  a 

62  03  09. 12 

7453 

13.  890 

15.  7 

18.  7 

36  07  27.  90 

-  5  48.  84 

+1.18 

-0.  10 

30.  75 

Rejected. 

6553 

17.210 

19.0 

19.5 

32  18  23.  3? 

6586 

22  690 

20.  5 

18.  8 

65  46  14  38 

-  2  50.  03 

+0.27 

-0.0G 

29.  C6 

September  28. 

6624 

22.  271 

20.0 

19.7 

40  07  53.  51 

6681 

19.  970 

20.  7 

19.9 

. 

57  46  55.  66 

+  2  13.  45 

+9.  25 

+0.  03 

. 

28.31 

6728 

16.  271 

18.  3 

22.  3 

43  25  37.  89 

6748 

23.  569 

22.  4 

18.5 

. 

54  40  53.  02 

-  3  46.  4 1 

1 

O 

o 

-0.07 

. 

6180 

20.  902 

19.0 

22.0 

57  43  08.  94 

6817 

19.  844 

22.  0 

19.0 

40  16  55.  06 

-  0  32.  83 

0.  00 

-0.01 

. 

48  59  29. 16 
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Observations  for  Latitude.  —  Station  No.  12 — Continued. 


IS.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

d:St. 

Microm. 

Level. 

Eefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  n 

/  II 

II 

II 

II 

O  1  II 

6937 

14.  762 

22.0 

19.6 

36  28  17.  45 

6970 

25.  696 

20.  5 

20.  7 

61  41  58.06 

—  5  39.25 

+0. 49 

—0. 10 

48  59  28.  90 

7024 

17.  778 

21.2 

19.9 

61  51  34.  55 

7073 

22.  762 

21.  7 

19.  5 

36  02  11.  16 

+  2  34.  64 

+0.  78 

+0.  04 

28.  31 

7215 

14.  958 

21.  6 

19.2 

57  07  46.  99 

7277 

24.  729 

19.  6 

21.  0 

40  41  02.50 

+  5  08. 17 

+0.  22 

+0.  09 

28.  23 

7416 

25.  273 

20.8 

18.0 

62  03  11.57 

7453 

13.  927 

18  0 

20.  7 

36  07  28.  30 

—  5  52.  04 

+0.  02 

-0. 10 

27.  82 

7962 

28. 283 

22.0 

17.7 

41  17  11.79 

8024 

12.  813 

18.5 

21.7 

56  25  41.  62 

+  8  00.  00 

+0.  25 

+0.14 

27.  10 

Rejected. 

8036 

£0.  514 

19.0 

21.0 

49  22  01.  77 

8059 

20. 896 

20.0 

20.0 

. 

48  36  33.  90 

+  0  1 1.  85 

-0.  44 

+0.00 

29.  24 

80t3 

16.  9o9 

21.  0 

19.0 

56  28  20. 18 

8128 

20.  066 

18.  4 

21.  5 

41  23  17.51 

+  3  39.  58 

-0.  25 

+0.  07 

28.  25 

8206 

26.  883 

19.  0 

21.0 

30  37  46.  30 

8273 

12.  546 

20.  7 

19. 1 

67  06  20.  20 

+  7  24.  84 

-0.  09 

+0.14 

28. 14 

8314 

24.  981 

20.3 

19.9 

73  42  27.  97 

8324 

15.  396 

19.  2 

20.  7 

24  26  25.  87 

—  4  57.  40 

—  0.  25 

-0.  10 

29.  17 

46 

23.  210 

20.9 

19. 1 

60  49  53.  48 

67 

16.  467 

17.  0 

22.  8 

37  16  10.79 

-  3  29.  22 

-0.  89 

—  0.  06 

31.  96 

Rejected. 

120 

9.  912 

22.2 

17.4 

32  53  06.  81 

175 

30.  563 

16.  5 

23.  4 

65  27  15.  07 

-10  40.75 

-0.  47 

-0. 20 

29.  52 

198 

23.  709 

20.5 

19.0 

47  35  35. 75 

219 

17.  306 

18.2 

21.  6 

50  16  44. 12 

+  3  18.  67 

-0.42 

+0.  06 

28. 25 

239 

27.  601 

20.2 

19.0 

CO  25  51.00 

259 

12.  474 

18.  6 

21.  2 

37  48  52. 15 

-  7  51.21 

-0.  44 

—  0. 14 

29.  78 

12-Yr.  73 

16. 145 

20.  4 

19.9 

67  06  16.  47 

345 

23.  383 

19.  0 

21.  0 

30  45  11.65 

+  3  44.  58 

-0.  33 

+0. 07 

28.  38 

401 

28. 150 

21.3 

19.3 

28  04  42.  64 

438 

11.258 

19.  0 

22.  0 

69  36  46.  47 

-f-  8  44.12 

-0.  22 

-f0. 16 

28.  62 

474 

12. 685 

21.  0 

20.  0 

48  04  36.  79 

—  7  49.32 

-0.  25 

—0. 13 

29.  30 

487 

17.  858 

20.  5 

20.3 

47  59  15.  05 

522 

21.  Ill 

19.  5 

21.  3 

50  03  05.  20 

—  1  40.93 

—  0.  30 

-0.  03 

28.  80 

SCO 

27.811 

19. 1 

21.2 

50  10  01.21 

611 

25.  072 

21.0 

20.  0 

63  46  40.  29 

656 

14.  400 

19.  4 

21.5 

34  23  21.  93 

-  5  31. 13 

-0.  25 

-0. 10 

48  59  29.  63 

Mean  latitude  (59  determinations),  48°  59'  28".  90. 

£  =  -t  0".  539 
r  =  ±  0".  359 
e0  =  ±  0".  071 
t0  =  ±  0".  047 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 


[Astronomical  Station  No.  11 — Frenchman’s  Creek,  462  miles  west  of  Pemlfna,  Dakota.— Observer,  J.  F.  Gregory,  Captain 
United  S  ales  Engineers. — Zenith  Telescope,  Wurdmauu  No.  20. — Chronometer,  Negus  Shloreal  No.  1513.] 


Headings. 

Corrections. 

B.  A.  C. 
No. 

Microm. 

Level. 

Me.rid. 

Declination. 

Microm. 

Level . 

Refrac. 

Red.  to 

Laiiliulc. 

Remarks 

N. 

S. 

d ,  st. 

merid. 

5271 

5313 

20.  756 
19.  345 

18.1 

17.5 

12.  9 
13.0 

m.  s. 

o  /  n 

42  48  19  24 
55  06  26. 21 

/  n 

-f  0  43.  83 

// 

+2. 16 

// 

+0.01 

II 

O  i  // 

48  58  08.  72 

July  6. 

5415 

5400 

30.  581 
10.810 

19.0 
14.  4 

10.3 

14.5 

::::::: 

58  16  03.  58 
40  00  40.  09 

-10  14. 15 

+1.92 

-0. 18 

C9.  42 

5502 

5523 

12.  232 
28.  800 

14.5 
12.  6 

11.0 
16.  0 

55  29  33.  43 
42  09  37.  93 

+  8  34. 65 

-0.  65 

+0.  15 

09.  8.3 

5545 

5024 

11.  166 
29.  043 

14.  1 
11.7 

14.2 

15.7 

69  02  28.  67 
28  35  19.  85 

+  9  15.31 

-0.  91 

+0. 17 

08.  83 

5G44 

5658 

15.  952 
25.  238 

14.  0 
13.  0 

13.  0 

14.  0 

42  27  51.  65 
55  38  02. 05 

-  4  48.45 

o.co 

-0.  08 

03.  32 

5693 

5823 

25.  073 
15.  953 

16.  0 
12.  8 

10.2 

14.0 

31  54  39.  58 
65  52  11.  88 

+  4  43. 29 

+1.03 

+0.09 

. 

10.  14 

5853 

5911 

27.  097 
12.  907 

16.0 

13.8 

10.  9 
13.5 

49  49  37.  69 
48  21  59.  09 

-  7  39.  42 

+1.  20 

-0. 13 

. 

10.  04 

6047 

0073 

29.  821 
10.010 

14.  5 
13.0 

13.  5 
15.4 

72  12  34.  35 
26  04  14.  32 

-10  15.  08 

-0.31 

-0.20 

08.  74 

G114 

6157 

1 

15.  499 
25.  691 

14.5 
15. 2 

14.  0 
12.  5 

76  58  38.  39 
23  47  42. 38 

+  4  57.  95 

+0.71 

+0. 11 

09.  15 

6200 

6245 

14.  896 
26.  097 

11.5 

16.8 

14.  4 
12.5 

. 

79  58  50.  54 
17  45  47.  95 

+  5  47.  94 

+0.  98 

+0. 13 

08.  30 

6268 

6289 

13.  473 
26.  733 

16.0 

16.5 

13.4 

13.0 

39  26  19.96 
58  43  38.  68 

-  6  51.  90 

+  1.  36 

-0.12 

08.66 

6318 

6365 

14.  078 
26.  006 

14.5 

17.3 

14.  8 
12.3 

59  27  52.  94 
38  15  00. 73 

+  6  41.  58 

+1.  05 

+0.11 

09.57 

6421 

6476 

22.001 
28.  817 

17.3 

13.0 

12.9 

17.5 

. 

49  17  31.18 
48  42  04.  42 

-  1  38.  90 

-0.  02 

-0.  02 

. 

08.  86 

6553 

6586 

16.736 
24.  364 

13.9 

17.6 

17.0 

13.3 

32  18  12.  2G 
65  45  58. 63 

-  3  56.95 

+0.27 

-0.  08 

08.68 

6624 

6681 

21.  897 
19.  693 

16.7 

14.5 

14.2 

16.6 

40  07  40.  91 
57  46  19.  93 

+  1  08.  46 

+0.  09 

+0.02 

08.  99 

6728 

6748 

15.  330 
24.  780 

14.7 

17.5 

16.8 
14.  0 

43  25  25.  40 
54  40  38.  82 

-  4  53.  55 

+0.  31 

-0.  03 

08.79 

6780 

0817 

22.  391 
19. 192 

14.2 
17. 1 

17.0 

14.2 

57  42  53.  99 
40  16  43.26 

-  1  39.37 

+0.02 

-0.  03 

. 

03.  24 

6830 

0865 

13.  927 
27.  290 

16.0 

16.0 

15.  8 
15.5 

47  36  20.  92 
50  33  46.91 

-  6  55. 10 

-1-0. 16 

-0.  1*2 

. 

03.  86 

6937 

6970 

13. 902 
26.  982 

16.7 

16.0 

15.0 

16.0 

. 

36  28  07.  32 
61  41  43.09 

-  6  46.  30 

+0.  38 

-0. 12 

09. 16 

7024 

7073 

27.  668 
30.  494 

17.3 

14.7 

14.8 

17.5 

. 

61  51  19.98 
36  02  01.  79 

+  1  27.  78 

-0.  07 

+0.03 

43  58  08. 62 

N  1! 
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146  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


Observations  for  Latitude. — Station  No.  13 — Continued. 


b.  a  c. 

No. 


7100 

7166 

7215 

7277 

7320 
7- Yr.  2395 

7377 

7398 

7416 

7453 

7505 

7566 

7595 

7605 

7627 

7686 

7755 

7765 

7787 

7800 

7820 

7882 

7907 

7945 

7962 

8024 

5115 

5178 

5271 

5313 

5415 

5460 

5502 

5523 

5545 

5624 

5644 

5658 

5693 

5823 

5853 

5911 

6047 

6073 

6114 

6157 

6206 

6245 

6268 

6289 


"[loadings. 


Microm. 


9.184 
31.  344 

16.433 

24.  046 

20.  740 
19. 108 

31.  523 

8.  688 

27.  065 
13. 505 

1.  589 

15.  830 
33.  480 

8.478 

20.  640 

18.  971 

19. 060 
22.  459 

20. 287 
21. 146 

11.531 

29.  747 

10.  498 
29. 181 

26.  858 
1.3.  719 

27. 399 

14.  869 

21.291 

19.  917 

30.  439 
10.  643 

12. 280 
28. 825 

11.433 
29.  301 

16.  033 
25. 332 

25.  806 
16.  677 

27.  900 
13. 135 

29.  960 
10.141 

15.  COO 
25.  227 

15.  193 
26.419 

13.  771 

20.  985 


Level. 


N. 


S. 


17.0 
15.  3 

15.7 

16.7 

16.0 

17.1 

15.1 

18.7 

16.1 

17.6 

17.1 

17.0 

17.5 

17.0 

16.4 

19.5 

17.7 

17.1 

16.1 

18.5 

19.0 

16.9 

17.3 
18.0 

19.0 

17.7 

40.2 

42.7 

18.2 

12.0 

12.8 

17.0 

14.5 

12.0 

13.0 

14.2 

15.0 

13.4 

13.7 
15.  0 

16.0 
12.  4 

17.1 
14.  8 

18.3 

13.9 

16.1 
17.0 

18.0 

15.8 


15.0 
17.  1 

17.0 

16.5 

17.1 
16.0 

18.5 

15.1 

17.8 

10.5 

17.0 
17.  4 
17.0 

17.5 

18.1 

15.7 

17.8 
18.2 

19.  I 
17.0 

16.8 

19.2 

18.8 

18.5 

17.5 

19.5 

38.4 

37.7 

06.1 

13.2 

12.6 

09.0 

12.0 

14.5 

14.0 

13.5 

13.0 

14.7 

14.5 

14.4 

13.5 
17.  7 

13.9 

16.7 

13.  3 

18.2 

16.  0 
15.4 

14.7 
17.  1 


Merid. 

dist. 


Corrections. 

Declination, 

Microm. 

Level. 

Kofrac. 

Bed.  to 
merid. 

Latitude. 

Remarks. 

o  /  // 

/  // 

// 

// 

n 

o  /  n 

42  45  42.93 
55  33  33.01 

-11  28.36 

+0.04 

-0.  20 

48  58  09.  45 

57  07  33.  50 
40  40  52. 92 

+  3  56.  48 

-0.25 

+0.  07 

09.  51 

38  09  31.  86 
59  45  09. 05 

+  0  48.  83 

0.  00 

+0.  02 

09.  30 

59  27  59.  45 
38  51  56.  65 

-11  49.32 

+0.  04 

-0. 20 

08.  57 

62  02  58.  73 
36  07  20.  77 

-  7  01.21 

-0. 13 

-0. 12 

08. 29 

37  58  06.  67 
37  42  22.  33 
60  32  13. 99 

-  9  08.  26 

+0.  02 

-0. 16 

09.  76 

60  06  20.  67 

-  4  05.  06 

-0.  09 

-0.07 

08.45 

25  19  56.  90 
72  34  38. 21 

+  0  51.  84 

+0.  47 

+0.02 

09.88 

58  47  26. 78 
39  05  19.  89 

+  1  45. 58 

-0.27 

+0.  03 

08.  67 

52  01  23.24 
45  54  02.  56 

+  0  26. 68 

-0.33 

+0.01 

09. 26 

48  50  09.  41 

49  25  00.  68 

-  9  25. 84 

-0.  02 

-0.16 

09.02 

74  42  48. 12 
22  54  10.  38 

+  9  40.35 

—0.22 

+0. 20 

09.  58 

41  17  06.45 
56  25  34.  53 

+  6  48. 14 

-0.07 

+0. 12 

08.68 

61  06  24. 50 
37  02  47.  09 

—  6  29. 22 

+1.52 

-0.11 

07.99 

July  7. 

42  48  19.45 
55  06  26. 43 

+  0  42.  68 

+2.43 

+0.01 

08.  06 

58  16  03.82 
40  00  40.  32 

-10  14.92 

+1.  83 

-0.18 

08.80 

55  29  33.  08 
42  09  38. 17 

+  8  33.  94 

0. 00 

+0. 15 

10.  01 

69  02  28.  95 
28  35  20.  09 

-|-  9  15. 03 

-0.  07 

+0. 17 

09. 65 

42  27  51.91 
55  38  02. 33 

-  4  48.86 

+  0.16 

-0.08 

08.34 

31  54  39.  83 
65  52  12. 20 

+  4  43.  58 

-0.  04 

+0.  09 

09.  64 

49  49  38.00 
48  21  59. 40 

-  7  38. 65 

-0.  62 

-0. 13 

09.  30 

72  12  34.  70 
26  04  14.  59 

-10  15.  64 

+0,29 

-0.  20 

09.10 

76  58  38.  73 
20  47  42.  04 

+  4  59.  04 

+0.16 

+0.11 

09.  99 

79  58  50.  90 
17  45  48.  21 

+  5  48.71 

+0.38 

+0.13 

....... 

08.77 

39  26  20.  28 
58  43  39.  04 

-  6  50.  47 

+0.  45 

-0. 12 

48  58  09. 52 
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Observations  for  Latitude. — Station  No.  13 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Mior-n-. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  i  o 
meiid. 

N. 

S. 

m.  s. 

o  t  n 

t  It 

n 

u 

rt 

O  /  II 

6318 

13.  ses 

15.7 

17.  G 

59  27  53.  31 

6365 

26.  846 

18.0 

17.4 

. 

38  15  01.  07 

+  6  42.  61 

—0.29 

+0.  11 

48  58  09.  60 

6421 

22. 291 

19.6 

16.8 

49  17  31.54 

19.  091 

17.  0 

20.  0 

48  42  04.  79 

—  1  39.40 

-0.04 

-0.  02 

08.  71 

6553 

16.  903 

18.3 

19.8 

32  18  12. 58 

24.  528 

20.  5 

17.  9 

65  45  59.  01 

—  3  56.86 

+0. 25 

-0.  08 

09. 10 

6624 

21.  695 

19.0 

19.0 

40  07  41.26 

6681 

19.  478 

19.  0 

20.  0 

57  46  20.  31 

+  1  03.  87 

-0. 22 

+0.02 

09.  46 

6728 

15.  706 

19.  0 

20.0 

43  25  25.  76 

6748 

25. 139 

19.  5 

19.2 

54  40  39.20 

-  4  53.02 

-0. 16 

-0.  08 

09.  22 

6780 

22.  580 

19.3 

19.2 

57  42  54.  37 

6817 

19.  381 

17.  8 

20.  5 

40  16  43.60 

-  1  39.37 

-0.  58 

-0.  03 

09.  00 

6830 

13.  598 

19.4 

18.8 

47  36  21.  29 

686.7 

26.  961 

16  0 

21.  8 

50  33  47.29 

-  6  55. 10 

-1. 16 

-0. 12 

07.91 

6937 

13.  875 

18.6 

20.0 

36  28  07.  67 

6070 

26.  0*25 

18  3 

20.  4 

61  41  43.  48 

—  6  45.37 

-0.  78 

-0. 12 

09.  30 

7024 

19.  025 

19.8 

19.  7 

61  51  20.36 

7073 

21.  859 

19.  5 

20  9 

36  02  02.13 

+  1  28.  03 

-0. 29 

+0.  03 

09.  01 

7100 

9.  601 

20.0 

20.7 

42  45  43.27 

Tl66 

31.  771 

22.2 

19. 1 

55  33  33.  37 

-11  28.  67 

+0.  54 

-0.20 

09.  99 

7215 

16.  620 

19.6 

22.2 

57  07  33.  98 

7277 

24. 231 

22.  3 

20.  8 

40  40  53.22 

+  3  56.  42 

-0. 25 

+0.  07 

09.  89 

7320 

20.  697 

23.0 

20.5 

38  09  32. 19 

19. 140 

21.  4 

22.  2 

59  45  09.  41 

+  0  48.  37 

+0.38 

+0.02 

09.  57 

7377 

33.  087 

20.5 

23.6 

59  27  59.  80 

7398 

9. 246 

24.  0 

20.  5 

38  51  56.  97 

-11  49.51 

+0.  09 

-0. 20 

08.  7G 

7416 

27.180 

22.6 

22.0 

62  02  59.  09 

7453 

13.  603 

23.  0 

21.  9 

36  07  21.  09 

-  7  01.74 

+0.38 

-0. 12 

08.61 

7480 

17.751 

21.8 

23.  G 

45  59  02. 24 

7489 

24.  027 

24.  9 

20.  7 

52  03  45.  04 

-  3  14.95 

+0. 54 

-0.  05 

09. 18 

7505 

1.273 

23.9 

22.0 

37  58  06.  99 

7566 

16.  508 

24.  3 

22.4 

37  42  22.  64 

7595 

34. 187 

24.  0 

23.0 

60  32  14.32 

-  9  09. 16 

-fo.  65 

-0.  16 

09.  81 

7605 

9. 197 

23.  7 

23.  5 

60  06  20.  99 

—  4  06. 14 

-1-0.  47 

—0.  07 

08. 25 

7627 

20.  803 

25.0 

22.0 

25  19  57. 17 

7686 

19. 190 

24.  0 

23.  6 

72  34  38.52 

+  0  50.11 

+0.  76 

+0.02 

08.  73 

7755 

19. 286 

23.0 

24.  2 

58  47  27.  06 

7765 

22.  694 

23.0 

24.1 

39  05  20. 18 

+  1  45.  86 

-0.51 

+0.  03 

09.  r.o 

7787 

20.  256 

21.  0 

26.0 

52  01  23.  54 

7800 

21. 116 

24.  4 

22.3 

45  54  02.  87 

+  0  26.  78 

-0.  05 

+0.01 

03.  34 

7820 

11.255 

22.  8 

24.0 

48  50  09.  71 

7882 

29.  457 

03.  5 

23.  9 

49  25  00.  97 

—  9  25.  53 

-0.  36 

-0.  16 

09.  £9 

7907 

11.190 

23,0 

24.6 

74  42  48.  40 

7945 

29.  876 

23.  6 

24.0 

22  54  10.  04 

+  9  40. 26 

-0.  45 

+0.  20 

09.  53 

7962 

27.  538 

25.2 

22.2 

41  17  06.  73 

8024 

14.  378 

21.6 

26.7 

56  25  34.  82 

+  6  48.  79 

-0.  47 

+0. 12 

48  58  09.  21 

Mean  latitude  (G8  determinations),  48°  58'  09".  10. 
t  =  0".  538 
r  =  0".  359 
t0  =  0".  065 
tu  =  0".  043 
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UNITED  STATES  NORTHERN  BOUNDARY. 


Observations  for  Latitude. 

[Astronomical  Station  No.  It — £00  miles  west  of  Pembina. — Observer,  J.  P.  Gregory,  Captain  United  States  Engineers.— 
Zenith  Telescope,  Wui  d6mann  No.  20. — Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Mr  rid. 
dist. 

Microm. 

Level. 

Eefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  n 

II 

// 

II 

O  /  II 

5415 

28.  883 

22.  0 

19.3 

58  16  04.51 

5460 

12.  762 

20.  6 

21.  5 

40  00  41.  00 

-  8  20.11 

+0.40 

—  0. 15 

49  00  02.89 

July  10. 

5502 

10. 139 

22.6 

20.2 

55  29  34.  42 

5523 

30.  321 

20.6 

22.  4 

42  09  38.  88 

+10  26.  91 

+0. 11 

+0. 18 

03.  87 

5545 

9.  770 

22.7 

20.7 

69  02  29.  70 

5624 

31.265 

21.9 

22.0 

28  35  20.  73 

+11  07.  70 

+0.  42 

+0. 21 

03.  54 

5644 

18.319 

21.7 

22.0 

42  27  52.  67 

5658 

24.  010 

24.  4 

19.3 

. 

55  38  03. 13 

-  2  £6. 78 

+  1.07 

-0.05 

. 

02. 14 

5693 

26.  969 

22.2 

21.6 

31  54  40.  5.3 

5823 

14.  239 

24.  0 

20.6 

05  52  13.  08 

+  6  35.  43 

+0.  89 

+0. 12 

03.  24 

5853 

25.  972 

23.  5 

21.  7 

49  49  38.  86 

5911 

14.  784 

23.6 

22.  1 

48  22  00.  29 

—  5  47.53 

+0.  74 

-0. 10 

02.  68 

6047 

28.  321 

24.8 

21.  3 

72  12  35.  67 

6073 

12. 127 

22.  3 

24.  7 

26  04  15.  36 

—  8  23.  03 

+0. 25 

-0. 16 

02.  57 

6114 

13. 621 

23.4 

23.7 

76  58  39.  72 

6157 

26.  8C4 

24.2 

23.  6 

20  47  43.  37 

+  6  51.  37 

+0.  07 

+0. 15 

03. 14 

6206 

12.  917 

25.4 

23.0 

79  58  51.  91 

6245 

27.  782 

23.  3 

25.  3 

17  45  48.  92 

+  7  41.  75 

+0.  09 

+0.19 

02.  44 

6268 

15.  441 

25.7 

23.2 

39  26  21.  24 

6289 

25.  043 

24.3 

24.7 

58  43  40. 11 

—  4  58.27 

+0.  47 

-0.  09 

02.  78 

6553 

18.  304 

24.7 

23.  5 

32  18  13.  53 

6586 

22.  334 

25.  4 

22.6 

65  46  00. 15 

—  2  05.  18 

+0.  89 

-0.04 

02.51 

6624 

23.  426 

25.9 

21.  8 

40  07  42.29 

6681 

17.  620 

24.0 

23.8 

57  46  21.  45 

-f  3  10.  35 

+0.  96 

+0.  05 

03.  23 

6728 

17.118 

27.2 

20.9 

43  25  26.  83 

6748 

22.  973 

24.  5 

24.  0 

54  40  40.34 

—  3  01.  87 

+1.  52 

-0.  05 

03. 18 

6780 

20.  498 

25.5 

23.2 

57  42  55.  52 

6817 

20.  867 

26.3 

25.5 

40  16  44.  6G 

+  0  11.46 

+1.  36 

0.  00 

02.  91 

6830 

15.  653 

25.0 

24.0 

47  36  22.  40 

6865 

25.  450 

27.  5 

21.  5 

50  33  48.  41 

—  5  C4.  31 

+1.  56 

—0.  08 

02. 56 

6937 

15.  449 

24.0 

25.5 

36  28  08.  70 

6970 

24.  895 

25.8 

24.3 

. 

61  41  44.65 

-  4  53.  42 

0.  00 

-0.  09 

03.16 

7024 

17. 291 

25.8 

24.8 

61  51  21.54 

7073 

23.  769 

24.  0 

27.  0 

36  02  03. 17 

+  3  21.  23 

-0.  45 

+0.06 

03. 19 

7100 

It.  120 

26.  0 

24.8 

42  45  44.  30 

7166 

29.  658 

25.  1 

26.  6 

55  33  34.  52 

-  9  35.85 

—  0.  07 

—  0. 17 

03.  35 

7215 

14.  590 

25.  5 

26.0 

57  07  35.  01 

7277 

25.  815 

26.0 

25.8 

. 

40  40  54. 29 

+  5  48.  70 

-0.  07 

+0. 10 

03.  37 

7320 

22.  693 

24.9 

26.  5 

38  09  33.  24 

7-Yr.  2395 

17.  519 

27.9 

23.8 

59  45  10.  55 

+  2  40.  72 

+0.  56 

+0.  05 

. 

49  00  03.  23 
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Observations  for  Latitude. — Station  No.  14 — Continued. 


B.  A.  0. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Ilemarka. 

Micron.. 

Level. 

Merid. 

dist. 

Hicrom. 

Level. 

Eefrac. 

Ked.  to 
merid. 

N. 

S. 

772.  8. 

O  /  II 

/  II 

II 

n 

II 

O  /  II 

7377 

30.  056 

24.  1 

28.0 

59  28  00.  94 

73QR 

in  Rift 

30.  0 

2*2.  6 

38  51  58.  02 

—  9  57. 12 

4-0. 78 

-0.  18 

49  00  02.96 

7416 

25.  246 

26.7 

26.8 

62  03  00.21 

7453 

15.298 

27.5 

26.5 

. 

36  07  22. 11 

-  5  09.  01 

O 

Li 

O 

+ 

-0.  09 

02.  26 

7480 

18.  861 

30.3 

24.1 

45  59  C3. 33 

74  RQ 

9 1  597 

26.  8 

28. 1 

52  03  46.  13 

—  1  22.  81 

4-1.  09 

—  0.  02 

02.  99 

7505 

2.  732 

32.3 

22.  7 

37  58  08.  01 

75045 

17.  969 

32.  8 

23.0 

37  42  23.  66 

32  fl3fi 

26.  0 

30.  0 

60  32  15.  42 

-  7  16.  9G 

4-1.29 

-0.  13 

03.  74 

7  fi42 

26.0 

30.  6 

60  06  22. 09 

—  2  13.88 

-fi.  12 

-0.  04 

02.25 

7755 

17. 157 

30.0 

26.  8 

58  47  28. 11 

776" 

24  1Q2 

26.  0 

31.  0 

39  05  21. 18 

+  3  38.  53 

-0.  40 

4-0.  06 

02.  83 

7789 

18.  449 

26.8 

30.0 

52  01  24.57 

7pr.fi 

22  Qfift 

28.  9 

28.  0 

45  54  03.  87 

+  2  19.  81 

-0.51 

4-0.03 

C3.  55 

7820 

12.  917 

27.7 

29.  7 

48  £0  10.  71 

7RPQ 

27  rifi3 

28  6 

28  0 

40  23  01.  90 

—  7  33.  08 

-0.31 

-0. 13 

02.81 

7907 

8.  573 

28.5 

28.0 

74  42  49.  35 

7945 

30.  891 

26.4 

30.2 

. 

22  54  11.  40 

+11  33.26 

1 

p 

»u 

+0.  25 

. 

03. 17 

7962 

28.  526 

27.2 

29.0 

41  17  07.66 

pfi  >4 

1 1  7fi4 

29  7 

27  1 

4-  8  40.  C8 

4-0. 18 

4-0.15 

02.72 

8036 

19.  462 

33.0 

24.0 

49  21  56.  75 

Rfi'iQ 

93  7 

31  fi 

48  36  29. 17 

+  0  49.23 

40.  83 

4-0.  C2 

03.  04 

5271 

23.  347 

17.  9 

17.5 

42  48  20.  21 

22  7 

13  fi 

53  06  27.26 

+  2  36.  37 

4-2.  £5 

4-0. 04 

02.  39 

July  11. 

5415 

28.  627 

18.0 

18.3 

58  16  04.  69 

54fifi 

17  3 

19  8 

40  00  41. 17 

-  8  19.93 

-0.  G2 

-0.  15 

02.23 

5502 

10.  273 

18.  9 

18.6 

55  29  34. 62 

5^93 

18  fi 

19  8 

42  09  39.  07 

-f-10  26.  54 

-0.  33 

4-0.  18 

03.  24 

5545 

9.  713 

19.0 

19.0 

69  02  29.  GO 

31  £04 

19  2 

19  7 

28  35  20.92 

-j-11  07.58 

-0.  11 

4-0.21 

03.  09 

5644 

17.506 

20.3 

18.5 

42  27  52.  89 

19  3 

55  38  03.  37 

—  2  56.  53 

4-0. 45 

-0.  05 

02.  00 

5693 

27.  378 

20.8 

18.2 

31  54  40.74 

14  fifi3 

9fi  8 

10.  5 

65  52  13.35 

-f-  6  34.  97 

4-0.  87 

4-0. 12 

03.  00 

5853 

25.  841 

19.7 

20.6 

49  49  39. 13 

14  fiP>9 

2.3  fi 

18  fi 

48  22  00.  56 

-  6  47.25 

4-0.91 

-0.  10 

03.  40 

6048 

29. 013 

23.5 

19.3 

72  13  05.  97 

12  320 

9fi  5 

22  5 

26  04  15.60 

—  8  38.54 

4-0.49 

-0.  16 

02.  57 

6114 

13.  870 

23.7 

19.5 

76  58  40.  01 

10  9 

23  7 

20  47  4.1.  60 

+  6  50.  84 

4-0.  09 

4-9. 15 

(2.90 

6206 

12.  803 

23.  6 

20. 1 

79  58  52  21 

0245 

27.  623 

22.0 

22.0 

. 

17  45  49  14 

4-  7  40.  42 

4-9.  78 

4-0. 19 

02.0V 

6268 

15.  487 

22.2 

22.0 

39  26  21.  53 

94  fi 

20  4 

53  43  40.  44 

-  4  59.29 

4-0.  85 

-0.  09 

02.  54 

6318 

11.945 

21. 4 

23.0 

59  27  54.  71 

10  8 

38  15  02.  33 

4-  8  33.  88 

4-0.  85 

40. 15 

03.  40 

6421 

2\  117 

23.  5 

21.8 

49  17  32.  93 

6476 

20.  512 

23.6 

210 

. 

48  42  06. 19 

4-  0  12.  27 

4-0.71 

0.09 

. 

02.  57 

6553 

18.  531 

22.  1 

24.0 

32  18  13.  83 

6586 

22. 550 

25.8 

20.9 

65  46  00.  52 

-  2  04.  78 

!  4-0.67 

-0.  C4 

49  00  03.  02 
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Observations  for  Latitude . — Station  No.  14 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Hicrom. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

O  /  // 

/  // 

1/ 

// 

// 

o  /  // 

6024 

23.  459 

24.0 

22.3 

40  07  42.  62 

6681 

17.  665 

24.8 

22.  4 

57  46  21.  82 

+  2  59.  98 

+0.91 

+0.  05 

49  00  03. 16 

6729 

17. 264 

23.5 

24.0 

43  25  27. 18 

6748 

23. 121 

25.9 

22.  0 

54  40  40.  71 

-  3  01.  94 

+0.  76 

-0.  05 

02.  71 

6780 

20.  338 

24.7 

23.  8 

57  42  55.  89 

6817 

20.  731 

24.  8 

24.0 

40  16  45.  01 

+  0  12.  21 

+0.  38 

0.  00 

03.  04 

6830 

15.  822 

24.0 

25.0 

47  36  22.70 

6865 

25.  584 

27.0 

22.6 

50  33  48.  80 

-  5  03. 24 

+0.  76 

—0.  08 

03.  22 

6937 

15.453 

24.2 

24.7 

36  28  09.  04 

6970 

24  917 

24.  7 

24.  0 

Cl  41  45.04 

-  4  53.98 

+0.  04 

-0.  09 

02.  99 

7024 

17.  740 

22.7 

25.9 

61  51  21.  93 

7073 

24.  186 

26.0 

09  O 

36  02  03.51 

+  3  20. 23 

+0. 13 

+0.06 

03. 14 

7100 

10.  863 

24.0 

24. 1 

42  45  44.  72 

7166 

29  410 

24.8 

23.8 

55  33  34. 91 

-  9  36. 12 

+0.20 

—0. 17 

03.  71 

7215 

14.567 

24.6 

23.8 

57  07  35. 39 

7277 

25.  777 

23.9 

24.  9 

40  40  54.  65 

+  5  48. 22 

—  0.  04 

+0. 10 

03.  30 

7320 

23.  428 

27.0 

21.4 

38  09  33.  59 

7-Yr.  2395 

1 8.  255 

22.5 

26.2 

59  45  10.94 

+  2  40.  69 

+0.  42 

+0.  05 

03.  42 

7377 

29.  855 

22.4 

26.5 

59  28  01.32 

7398 

10.  620 

27. 1 

21.8 

38  51  58.  37 

-  9  57.  50 

+0. 27 

-0. 18 

02.  43 

7416 

25.  528 

25.4 

23.8 

62  03  03.  CO 

7453 

15.  570 

24.  8 

24.  5 

36  07  22.45 

-  5  09.  33 

+0.42 

— 0. 09 

02.  53 

7480 

19.  053 

24.2 

24.7 

45  59  03.  69 

7489 

21.  707 

26.  0 

23.3 

52  03  46.  50 

-  1  22.  44 

+0.49 

-0.  02 

03. 12 

7505 

2.950 

25.9 

23.6 

37  58  C8.  36 

7566 

18.  208 

26.  0 

23.7 

37  42  24.  00 

7595 

32.  252 

25.  4 

24.  3 

60  32  15.  79 

-  7  16.25 

-fo.  76 

—0.  13 

04.  27 

7605 

7.  249 

25.0 

25.0 

-  2  13.  54 

4-0.51 

-0.  04 

02.  34 

7627 

22.  549 

24.7 

25.0 

25  19  58.39 

7686 

17.  282 

26.  5 

23.  7 

72  34  39.  93 

+  2  43.  61 

+0.56 

+0.05 

03.  38 

7755 

17. 283 

20.7 

23.9 

58  47  28.  47 

7765 

24.  279 

25.  0 

25.  4 

39  05  21.  51 

+  3  37.32 

+0.  54 

+0.  06 

02.  91 

7787 

18.  606 

27. 1 

23.2 

52  01  24. 92 

7800 

23  053 

23.  8 

26.  7 

45  54  04.  32 

+  2  IS.  14 

+0. 22 

+0.03 

03.  01 

7820 

13.  289 

26.0 

24.  7 

48  50  11.07 

7882 

27.  934 

27.  0 

24.  0 

49  25  02.  31 

-  7  34.92 

+0.96 

—0. 13 

02.  CO 

7907 

8.500 

26.  0 

25.0 

74  42  49.  69 

^945 

30.  755 

27.  0 

24.4 

22  54  11.  78 

+11  31.31 

+0.80 

+0.25 

03.  09 

7962 

29. 185 

20.1 

31.6 

41  17  07.  99 

8024 

12.  454 

33.  7 

19.  0 

56  25  36.  07 

+  8  39.  71 

+0.71 

+0.15 

02.  60 

8036 

19. 293 

27.0 

25.6 

49  21  57.  09 

8059 

20.  871 

28.0 

24.7 

48  36  29.  50 

+  0  49.  02 

+1.  05 

+0.  02 

49  00  03.  38 

Mean  latitude  (66  determinations),  49°  00'  02".95. 

<=  =  0".454 
t  =  0".303 
c0  =  0."056 
Tq  =  0".037 
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UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  StfttioD  No.  15 — East  Fork  of  Milk  River,  553  miles  west  of  Pembina. — Observer,  J.  F.  Gregory,  Captain 
United  States  Engineers. — Zenith  Telescope,  Wiirdemann  No.  20. — Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

n 

// 

// 

o  /  // 

5644 

17.  561 

17.3 

20.0 

42  27  53.  61 

5658 

23. 299 

21.7 

15.8 

55  38  04. 14 

—2  58.  24 

+0.71 

-0.05 

49  00  01.  30 

July  15. 

5693 

27.  306 

19.0 

18.0 

31  54  41.  40 

5823 

14.  650 

20.0 

18.7 

65  52  14.24 

+0  33. 13 

+0.51 

+0. 12 

01.58 

6047 

28. 060 

20.5 

19.1 

72  12  36.99 

6073 

11.808 

19.9 

19.8 

26  04  16.38 

—8  24.  84 

+0.  33 

—0. 16 

02.  01 

6114 

13.317 

20.9 

19.0 

76  58  41. 10 

6157 

•  26.496 

19.  0 

20.9 

20  47  44.32 

+0  49.  38 

0.  00 

+0.14 

02.  23 

6206 

12.792 

21. 1 

18.7 

79  58  53. 38 

6245 

27.  581 

18.4 

21.5 

17  45  49.84 

+7  39.  39 

—0. 1G 

+0.18 

00.  99 

6268 

15. 600 

22.0 

18.0 

39  26  22. 56 

6289 

25. 259 

18.0 

22.0 

58  43  41.60 

-5  00.  04 

0.  00 

—0.  09 

01.  99 

6318 

12.  820 

20.0 

20.0 

59  27  55.  89 

6365 

29.  323 

19.5 

21.0 

38  15  03.  39 

+8  32. 63 

-0.  33 

+0. 15 

02.09 

6421 

20.  606 

20.0 

20.6 

49  17  34. 10 

6476 

20. 9G1 

20.5 

20.5 

48  42  07.38 

+0  11.  03 

-0. 13 

0.  00 

01.  64 

6553 

18. 426 

20.7 

20.7 

32  18  14.  86 

6586 

22.  490 

20.9 

20.8 

65  4G  01.82 

-2  06.24 

+0. 02 

-0.  04 

02. 08 

6624 

23.  680 

20.7 

21.0 

40  07  43.  77 

6681 

17.  921 

21.6 

20.7 

57  46  23. 12 

+2  58.  89 

+0. 13 

+0.05 

02. 52 

6728 

17.  460 

20.7 

21.9 

43  25  28.  40 

6748 

23. 367 

22.0 

20.7 

54  40  42.03 

-3  03.  49 

+0. 02 

-0.05 

01.69 

6780 

20.418 

22.1 

20.4 

57  42  57.  22 

6817 

20.  761 

19.5 

23.  4 

40  16  46.  21 

+0  10.  65 

—0.  49 

0.  00 

01.  88 

6830 

15. 350 

20.1 

22.7 

47  30  24.  04 

6865 

25. 179 

22.5 

20.4 

50  33  50. 10 

—5  05.  32 

-0. 11 

-0.  08 

01.56 

6937 

15. 580 

20.7 

23.0 

36  28  10.22 

6970 

25. 120 

22.4 

21.  3 

61  41  46.41 

—4  56.34 

— 0. 27 

-0.  09 

01.61 

7024 

17.475 

21.0 

23.0 

61  51  23.30 

7073 

23.  850 

22.0 

22. 1 

36  02  04.69 

+3  18.03 

—  0.  47 

+0.  06 

01.61 

7100 

11.072 

23.1 

21.0 

42  45  46. 00 

7166 

29.  691 

21.0 

23.5 

55  33  36.28 

-9  38.36 

-0.  09 

-0.  17 

02.52 

7215 

15. 195 

21.9 

22.4 

57  07  36.  77 

7277 

26.  342 

21.  4 

23.  4 

40  40  55.  92 

+5  46. 20 

-0.  56 

+0. 10 

02. 14 

7320 

22. 870 

21.9 

23.6 

38  09  34. 84 

7-Yr.  2395 

17.  750 

22.3 

23. 1 

59  45  12.  34 

+2  C9.  04 

-0. 56 

+0.04 

02. 11 

7377 

30.  489 

22.  4 

23.  5 

59  28  02.72 

739H 

11.221 

21.  9 

24.  5 

38  51  59.  62 

—9  58.  52 

— 0. 83 

—0. 18 

01.64 

7416 

25.446 

18.5 

28.0 

62  03  02.  00 

7453 

15. 460 

25.2 

21.0 

36  07  23.  69 

-5  10.20 

-1.32 

-0.  09 

49  00  01.23 

1  r.i 
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Observations  for  Latitude. — Station  No.  15 — Continued. 


B.  A.  C. 
Iso. 

Leadings. 

Declination. 

Corrections. 

Latitude. 

Etmarke. 

Microm. 

L' vel. 

Morid. 

dist. 

Microra. 

Level. 

Eefrac. 

Eed.  to 
morid. 

N. 

s. 

* 

m  s. 

or  n 

/  It 

II 

1/ 

It 

O  III 

7-180 

19. 280 

24.  2 

22.  5 

45  59  05.  03 

7489 

21.  976 

19.9 

27. 1 

. 

52  03  47.  86 

-1  23.  56 

-1.23 

-0.  02 

49  CO  01.63 

7644 

18.  380 

17. 1 

19. 1 

42  27  53.  79 

5678 

24.  685 

17.8 

18.9 

55  38  04.  33 

-2  57.  £1 

-0.C9 

-0.  05 

01.11 

July  16. 

.r093 

27.  253 

18.8 

17.  7 

31  54  41.56 

5823 

14.  583 

18.  7 

19.  6 

+ 6  33.  57 

-{-0  04 

+0. 12 

01.  73 

5853 

26.  009 

19.  0 

19.5 

49  49  40. 21 

5911 

14.  862 

17.  0 

21.2 

48  22  01.  67 

-5  48. 12 

-1.C5 

—  0.  10 

01.  G7 

C047 

28. 178 

19.8 

£0.  4 

72  12  37.  24 

6073 

1 1.  953 

18.  0 

21.  0 

26  04  16.55 

-8  24.00 

-0.  80 

0.  1G 

01.  93 

6114 

14. 112 

17.6 

21.  4 

76  58  41.34 

0157 

27.  276 

21.  5 

17.  7 

20  47  44.  48 

-f6  48.  91 

0.  00 

+0.14 

01.  96 

6206 

13.  029 

19.2 

20.0 

79  58  53.  58 

6243 

27.  fcl8 

19.  9 

19.9 

17  45  49.99 

+7  39.  39 

-0.18 

+0. 18 

01. 18 

6268 

15.641 

20.  2 

19.2 

39  26  22. 78 

62fr9 

25.  313 

19.  2 

20.  4 

58  43  41.86 

-5  00.  44 

-0.  04 

—  0.  09 

6318 

12.  561 

19.7 

£0.0 

59  27  56. 15 

03G5 

29.  040 

19. 1 

21.  0 

38  15  03.  61 

+8  32.  07 

-0.49 

+0.15 

01.  61 

6421 

£0.  501 

19.  3 

20.  0 

49  17  34.  30 

6476 

20.  856 

20.  0 

19.  8 

48  42  07.  63 

+0  11.  03 

-0.  25 

0.  00 

01.  78 

6553 

18.910 

19.2 

21.  1 

32  18  15.09 

05b  6 

22.  981 

20.  6 

20. 1 

65  46  02.00 

—2  06.  46 

-0.31 

—  0.  04 

01.  73 

6624 

23.  630 

19.  5 

21.  0 

40  07  44.  03 

6681 

17.  882 

19.  7 

20.4 

57  46  23.  42 

+2  58. 55 

0.  49 

+0.  05 

01.  83 

6728 

17.  573 

18.2 

21.4 

43  25  28.  68 

6748 

23.  465 

19.3 

20.3 

54  40  42.33 

-3  03.02 

-0.  94 

-0.  05 

. 

01.  49 

6780 

£0.  931 

20.  0 

19.6 

57  42  57. 53 

6817 

21. 284 

17.  3 

22.3 

40  1G  46.  48 

+0  10.  96 

-1.  03 

0.  CO 

Cl.  94 

6830 

15.  960 

19.5 

20.  0 

47  36  24.  33 

25.  772 

18.  7 

21.  0 

50  33  50-40 

—  5  04.  79 

-0.62 

-0.08 

01.  87 

6037 

16. 108 

19.0 

21.0 

36  28  10.48 

6970 

25.  651 

21.3 

19.0 

61  41  46.  73 

-4  56.  43 

+0.  07 

-0. 09 

. 

02.  15 

7024 

17.  790 

19.  9 

21.0 

61  51  23.62 

7073 

24.  167 

20.  4 

20.  6 

36  02  01.96 

+3  18.09 

—0.  29 

+0.  C6 

02.  15 

7100 

11.817 

21.6 

19.  4 

42  45  46.  £7 

7160 

30.  437 

19.5 

22.  0 

55  33  36.  59 

-9  3°.  39 

—0.  07 

-0. 17 

02.  F0 

7215 

15.  088 

20.6 

21.0 

57  07  37.  C8 

7277 

26.  227 

19.7 

22.  4 

. 

40  40  56.  21 

+5  46.01 

-0.  60 

+0. 10 

02.  60 

7321 

23.  521 

21.  7 

20.6 

38  09  35. 12 

7-Yr.  2393 

18.  406 

19.  9 

22.6 

59  45  12.  65 

+2  38.  89 

-0.  36 

+0.  04 

02.  45 

7377 

30.  705 

21.  0 

22.0 

59  28  03.  04 

7398 

11.  434 

20.  4 

22.  6 

38  51  53.  90 

-9  58.  G1 

-0.  71 

-0.  18 

01.  97 

5853 

26.  539 

13.  8 

15.6 

49  49  40.  43 

5911 

15.  334 

13.0 

16.  G 

48  22  01.  88 

-5  48.  06 

-1.  20 

-0.  10 

01.  80 

July  17. 

C047 

28.  021 

15.  4 

15  0 

72  12  37.  48 

6073 

12.  404 

9.  4 

20.4 

5.6  04  1G.  73 

-8  23.75 

-2.  3G 

-0.  16 

CO.  83 

0114 

13.  887 

13.0 

16.5 

76  58  41.  60 

6157 

27.601 

15.  7 

13.  1 

20  47  44.64 

+6  49.  22 

-0.  20 

+  0.14 

02.  28 

1200 

13.  131 

14.  8 

14.  0 

79  58  53.  84 

6245 

27.  91 1 

13.0 

16.  0 

17  45  50.  16 

+7  39.  11 

-0.  49 

+0.  18 

.  43  CO  00.  80 
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Observations  for  Latitude. — Station  No.  15 — Continued. 


B.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

remarks. 

Miorom. 

Level. 

Merid. 

dist. 

Miciom. 

Level. 

Refrae. 

Red.  to 
meiid. 

N. 

S. 

m.  s. 

0  1  H 

/  // 

„ 

„ 

// 

O  /  // 

0208 

15  500 

14.5 

11.5 

39  26  23.  03 

6^9 

25. 178 

14.  4 

14.  7 

58  43  42.14 

5  00.  63 

-0.  C7 

0.  09 

49  00  01. 79 

6018 

12.  322 

13.0 

16.  0 

59  27  56.  4.1 

28.  813 

14.  8 

15.  0 

38  15  03.  87 

+8  32.  £6 

0.  71 

+0.  15 

01.  £5 

0421 

21. 019 

16.  0 

14.7 

49  17  34.  65 

6476 

21  366 

14.  0 

17.  7 

48  42  03.  92 

+0  10.78 

-0.54 

0.00 

01.  52 

0553 

19.007 

14.7 

17.6 

32  13  15.  32 

658G 

23  058 

15.  8 

16.  8 

65  46  02.  42 

—  2  05.  84 

0.  b7 

0.  04 

02. 12 

6634 

24. 144 

15.4 

17.  1 

4  0  07  44.  31 

G(W 

1 R  434 

19.  0 

14.  6 

57  46  23.  73 

+2  57. 37 

+0.  60 

4-0.  05 

02.  04 

6728 

17.  580 

18.0 

15.8 

43  25  28.  96 

23  5  '3 

17.  0 

16  8 

54  40  42.64 

-3  04.  CL 

+0.  54 

-0.03 

01.  68 

6780 

21.  134 

10. 0 

18.  0 

57  42  57.  84 

GR 17 

21  44R 

18  0 

16  0 

40  16  46.  77 

+0  09.  75 

0.  00 

0.  00 

02.  05 

0830 

10.014 

16.  7 

17.6 

47  36  24.  64 

6865 

25.  863 

17.6 

17.0 

. 

50  33  50.  70 

-5  03.  94 

-0.  07 

-0.C8 

01.  58 

0937 

16. 100 

15.7 

19.5 

36  26  10.76 

GQ'O 

97  M90 

18  8 

16  9 

61  41  47.  05 

-4  55.  72 

0.42 

-0.  09 

02.  G7 

7024 

17.  744 

17.  7 

18.1 

61  51  23.95 

7073 

24.  113 

16.9 

19.3 

36  02  05.  £4 

+3  17.  84 

-0.  62 

+0.  06 

01.87 

7100 

10.  242 

16.5 

19.9 

42  45  46.  60 

7106 

28.  863 

18.7 

18.0 

. 

55  33  36.  93 

-9  39.  05 

-0.60 

-0. 17 

01.94 

7215 

15.  482 

18.7 

17.  6 

57  07  37. 41 

7O77 

9fi  fiiR 

lfi  Q 

21  1 

40  40  56.51 

+5  45.  92 

—  0.  G9 

+0.10 

02. 29 

7320 

23.  331 

19.  5 

18.  7 

38  09  33.  42 

H-o  7.Vr  9 IQ 7 

1  R  9.2.1 

17  R 

20  6 

59  45  12.97 

+2  38.  73 

-0.  45 

+0.  04 

02.  51 

7377 

30.  722 

19.0 

1\0 

59  28  03.  36 

17  R 

21  0 

38  52  00.  20 

-9  59.17 

-0.  58 

-0.18 

01.85 

7416 

25.  953 

ip.  4 

20. 4 

62  03  02.  66 

7453 

15.  969 

19.6 

19.8 

. 

36  07  24.24 

-5  10.  13 

-0.43 

-0.  09 

02.  74 

.  Rejected. 

7480 

19.  475 

18.5 

20.  9 

45  59  05.  63 

1 

90  O 

10  7 

52  03  48.  49 

-1  24.55 

-0.  47 

-0.  02 

02.02 

7o05 

3.  359 

19.  0 

20. 7 

37  58  10.18 

37  42  25.  81 

—7  18.30 

-0.  47 

-0.  13 

02.90  ! 

7595 

32.  099 

20.  5 

29]  2 

60  32  17.  79 

1 

7605 

7.707 

20.6 

20.4 

GO  06  24.  46 

-2  15.  0.7 

-0.  31 

-0.C4 

49  00  01.89 

Mean  latitude  (0:2  determina  ions),  49°  00'  01".  80. 
e  =  0".  437 
t  =  0".  388 
r0  =  0".  054 

Tg  =  0".  016 
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UNITED  STATES  NOETJ3EEN  BOUNDAEY. 

Observations  for  Latitude. 

[Astronomical  Station  No.  16— Milk  Biver  Lakes,  588  miles  west  of  Pembina.— Observer,  J.  F.  Gregory,  Captain  United 
States  Engineers. — Zenith  Telescope,  Wiirdemann  No.  20.— Chronometer,  Negus  Sidereal  No.  1513.] 


IS.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Kemarks. 

Microm. 

Level. 

Merid. 

Dist. 

Microm. 

Level. 

Kefrae. 

Bed.  to 
merid. 

N. 

S. 

m.  s. 

O  /  '/ 

/  // 

n 

It 

// 

O  /  It 

5644 

17.641 

16.0 

18.  4 

42  27  55.  03 

5658 

23.  601 

17.5 

17.0 

'  55  38  05.  G2 

-  3  05. 14 

—0.  42 

—0.  05 

48  59  54.  71 

J uly  22. 

5693 

26.  843 

17.  1 

17.0 

31  54  42.71 

5823 

14.  362 

18.1 

18.0 

. 

65  52  15. 92 

+  6  26.  45 

-0.  09 

+0.12 

55.79 

5853 

26. 146 

18.0 

19.0 

49  49  41.  67 

5911 

14.  728 

16.2 

21.0 

48  22  03. 17 

—  5  54.68 

—  1.29 

-0. 10 

56.  35 

6047 

28. 287 

19.0 

21.1 

72  12  38. 90 

6073 

1 1. 825 

17. 1 

22.0 

26  04  17.  86 

-  8  31.36 

-1.  56 

0. 16 

55.30 

6114 

13.611 

17.5 

22.0 

76  58  43.  06 

6157 

26.  547 

21.  0 

18. 1 

20  47  45.  70 

+  6  41.  83 

-0.  36 

+0. 14 

55.  99 

6206 

12. 914 

18.0 

21.6 

49  58  55. 35 

6245 

27. 457 

20.4 

19. 1 

17  45  51. 19 

+  7  31. 75 

—0.  51 

+0.18 

54.  69 

6268 

15.  380 

19.7 

19.7 

39  26  24. 42 

6289 

25. 303 

19.2 

20.7 

58  43  43. 71 

—  5  08.24 

-0.  33 

-0.  09 

55.  40 

6318 

12. 386 

19.5 

20.6 

59  27  53. 02 

6365 

28.  659 

17.7 

22.6 

38  15  05.30 

4-  8  25. 49 

— 1.  34 

+0.15 

55.  96 

6421 

20.  535 

19.8 

20.8 

49  17  36. 22 

6476 

20.  625 

19.  7 

20.  4 

48  42  09.  50 

+  0  02.  80 

—0.38 

0.  00 

55.28 

6553 

18.  463 

18.5 

21.0 

32  18  16.  71 

6586 

22.  787 

19.7 

20.  1 

65  46  04. 16 

—  2  14.  32 

-0.  65 

-0. 04 

55.  42 

6624 

23.  670 

17.8 

21.8 

40  07  45.  85 

6681 

18. 159 

20.4 

20.0 

57  46  25.  57 

+  2  51.19 

-0.  80 

+0.  05 

56.15 

6728 

17. 173 

18.5 

21.3 

43  25  30.  57 

6748 

23.  350 

20.7 

19.5 

54  40  44.37 

—  3  11.88 

—  0. 36 

-0.  05 

55.18 

6780 

20.  922 

20.7 

19.5 

57  42  59. 61 

6817 

20.  993 

17.7 

22.8 

40  16  48.36 

+  0  02. 21 

-0.  87 

0. 00 

55.32 

6830 

15.  323 

20.5 

20.0 

47  36  26. 31 

6865 

25.  409 

19.0 

21.0 

50  33  54. 10 

—  5  13.30 

—0.  47 

—0.  08 

56.  35 

0937 

15.918 

18.0 

22.8 

36  28  12. 31 

6970 

25.  716 

23.5 

18.  0 

61  41  48. 87 

—  5  04.36 

+0.16 

—0.  09 

56.  30 

7024 

17.  957 

21.6 

20.0 

61  51  25.77 

7073 

24.  063 

18.7 

23.  0 

. 

36  02  06. 81 

4-  3  09.  67 

—0.60 

+0. 06 

55.  42 

7100 

11. 334 

20.6 

21.0 

42  45  48. 24 

7166 

30. 231 

20.3 

21.  0 

55  33  38.69 

—  9  47.00 

—0. 13 

-0. 17 

56. 16 

7215 

15.  520 

21.0 

20.5 

57  07  39. 20 

7277 

26.  403 

18.0 

23.7 

40  40  58. 12 

+  5  38. 0G 

—  1. 16 

+0.10 

55.56 

7320 

22. 769 

20.0 

21.0 

38  09  36. 99 

G.  7-Yr.  2395 

17.  917 

19.5 

22.3 

. 

59  45  14. 77 

+  2  30.  72 

-0.  85 

+0.  04 

55. 79 

7377 

30.  303 

21.7 

20.0 

59  28  05. 15 

7398 

10.  747 

18.8 

22.7 

38  52  01.79 

-10.  07.  47 

-0.49 

-0. 18 

. 

48  59  55. 33 
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Observations  for  Latitude. — Station  No.  16 — Continued. 


B.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

O  /  // 

1  II 

II 

// 

II 

O  /  // 

7-416 

25.  581 

20.0 

22.0 

62  03  04.  42 

7453 

15.  292 

20.  8 

21.  0 

36  07  25. 79 

—  5  19.  61 

-0.  49 

-0.  09 

48  59  54. 91 

7480 

19.  248 

19.5 

21.9 

45  59  07.  29 

7489 

22.216 

21.0 

20.6 

52  03  49. 21 

-  1  32. 19 

-0.45 

-0. 02 

. 

55.  59 

7505 

2.  807 

19.7 

21.1 

37  58  11.74 

7566 

19. 055 

19. 1 

21. 9 

37  42  27.  36 

32.  420 

21.  0 

20.  5 

60  32  1 9.  53 

—  7  26.22 

-0.  51 

—0. 13 

56.  58 

7605 

7.  429 

20.  7 

20.  8 

60  06  26.20 

-  2  23. 57 

— 0. 33 

-0. 04 

53.  03 

5545 

10.214 

14.8 

11.5 

69  02  32. 17 

5624 

31. 374 

10.6 

16.8 

— 

28  35  22. 94 

+10  57.  29 

-0.  65 

+0.21 

. 

54.40 

duly  23. 

5644 

17.  939 

13.  4 

14.3 

42  27  55. 24 

5658 

23.  919 

12.  7 

15.0 

55  38  05.  88 

—  3  05.  76 

-0.  85 

-0.  05 

53. 90 

5693 

26.  715 

10.0 

17.7 

31  54  42. 91 

5820 

14.  317 

19.  0 

10.  8 

65  52  16. 18 

+  6  25. 12 

+0.11 

+0. 12 

54.  90 

5853 

26. 145 

14.0 

15.7 

49  49  41.  93 

5911 

14  649 

16.  0 

14.  0 

48  22  03.  44 

—  5  57. 10 

+  0.  07 

-0. 10 

55.55 

6047 

28. 396 

20.6 

13.2 

72  12  39. 20 

6073 

11.  821 

16.  0 

18.  0 

26  04  18.09 

—  8  34.  87 

+1.  20 

-0. 16 

54.  82 

6114 

13.  790 

19.8 

14.8 

76  58  43.  36 

6157 

26.  678 

16.  6 

17.5 

20  47  45.93 

+  6  40.  34 

+0. 91 

+0.  14 

56.  03 

62116 

12.  805 

20.0 

14.8 

79  58  55.  68 

6245 

27. 306 

15.  7 

19.  0 

17  45  51.42 

+  7  30.  44 

+0.  42 

+0. 18 

54.  59 

6268 

15. 567 

18.0 

17.0 

39  26  21.72 

6289 

25.  553 

19.  5 

16.  0 

58  43  44.  04 

—  5  10.  20 

+1.  00 

+0. 09 

55.  09 

6318 

12. 231 

19.0 

16.5 

59  27  58.  36 

6365 

28.  400 

18.  0 

17.  3 

38  15  05.60 

+  8  22.  26 

+0. 71 

+0. 15 

55.10 

6421 

20.  349 

20.3 

15.0 

49  17  36.  56 

6476 

20  411 

13  0 

22.  0 

48  42  09.  84 

+  0  01.93 

-0.  83 

0.  00 

54.  30 

6553 

18.  486 

15.5 

18.7 

32  18  17. 02 

22  833 

17  0 

17  1 

65  46  04.  53 

—  2  15.03 

-0.74 

-0.04 

54.  96 

6624 

23.  370 

15.4 

17.7 

40  07  46. 18 

17  999, 

15  0 

18  n 

57  46  25.  83 

+  2  49.  23 

-1. 18 

+0.  05 

54. 10 

7024 

17.  673 

14.8 

17.2 

61  51  26.17 

93  743 

in  0 

15  8 

36  02  07. 15 

+  3  08.  55 

-0.  49 

+0.  06 

54.  78 

7100 

11.037 

15.0 

17.0 

42  45  48. 61 

°9  951 

10  5 

in  n 

55  33  39.  09 

—  9  47.53 

-0.  33 

-0. 17 

55.  82 

7215 

14.  941 

15.4 

17.  3 

57  07  39. 60 

95  709. 

14  0 

18  7 

40  40  58.50 

+  5  37. 06 

-1.  47 

+0.10 

54.  74 

7320 

22.  820 

17.0 

15.7 

38  09  37. 34 

1*  3 

50  45  15.17 

+  2  30.  03 

—0.  49 

+0.04 

55.  83 

7377 

30. 177 

17.0 

16.4 

59  28  05. 55 

7398 

10.  612 

14.8 

10.5 

. 

38  52  02. 15 

-10  07.  75 

-0.91 

-0.18 

55.  01 

7416 

25. 236 

17.7 

17. 1 

62  03  04.  80 

16  3 

10  0 

36  07  26  14 

—  5  19. 11 

-0.  47 

-0.  09 

55.  80 

7480 

19.214 

15.3 

19.1 

45  59  07.  66 

17  1 

52  03  50.  59 

—  1  32.97 

-0.  42 

-0. 02 

55.  72 

7566 

18. 241 

17.0 

19.0 

37  42  27. 71 

18  n 

60  32  19.93 

—  7  2G.  97 

-0. 53 

-0.  13 

56.  14 

<  OtIJ 

7627 

22.  615 

17.0 

19.2 

25  20  01.  64 

7686 

17.  705 

19.0 

17.3 

72  34  43.  99 

+  2  32.  52 

-0. 11 

+0.05  . . 

48  59  55. 27 

156  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION 


Observations  for  Latitude. — Station  No.  1G — Continued. 


B.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Kefrac. 

lied.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

// 

II 

o  t  n 

7755 

17.  306 

19.8 

16.7 

58  47  32.  47 

7765 

23.  959 

14.  0 

21.  7 

39  05  25. 19 

+  3  26.  66 

-1.  03 

+0.  06 

48  59  54.  52 

7787 

18.  470 

17.0 

19.0 

52  01  28.  83 

7800 

22.  579 

16.2 

18.  3 

+  2  07.  64 

-0.91 

+0.  03 

55. 18 

7820 

13.  023 

13.9 

20.8 

48  50  14.89 

7882 

27.  966 

16.  3 

17.  8 

49  25  C6.  07 

—  7  44. 17 

—  1.  87 

—0. 13 

54.31 

7907 

9.  149 

17.5 

16.0 

74  42  53.  47 

7945 

31. 100 

13.  8 

19.  2 

22  54  14.  87 

+11  21.86 

-0.  87 

+0.  24 

55.  40 

5693 

27.  131 

15.5 

13.8 

31  54  43.  29 

5820 

14.  728 

14.  9 

16.9 

65  52  16.  61 

+  6  25. 27 

-0.  07 

+0. 12 

55.  24 

J uly  25. 

5833 

20.  443 

15.7 

16.0 

49  49  42.  36 

5911 

14.  967 

14.  0 

18.  0 

48  22  03.  89 

-  5  56.  48 

—  0.  96 

-0. 10 

55.  59 

6047 

28.  393 

17.  1 

16.0 

72  12  39.  73 

6073 

11.828 

19.0 

14.0 

. 

26  04  18.  51 

-  8  31.  62 

+1.  36 

-0. 16 

55.  70 

6114 

13.  663 

17.4 

16.0 

76  58  43.91 

6157 

26.  561 

15.  5 

17.  7 

20  47  46.33 

+  6  43.  05 

-0.18 

+0.14 

6206 

12.  900 

19.3 

14.  0 

79  58  56.24 

6245 

27.  4.) 7 

12.2 

21.  1 

17  45  51.82 

+  7  31.56 

-0.  SO 

+0.16 

54.  97 

6268 

14.  980 

16. 1 

17.4 

39  26  25. 26 

6289 

24.  917 

16.  8 

17.  0 

58  43  44.65 

—  5  08.67 

-0.  33 

—0.  09 

55.  86 

6318 

12.  336 

19.7 

14.3 

59  27  58. 98 

6365 

28.  563 

12.  0 

22.  0 

38  15  06. 16 

+  8  24.  06 

-1.  03 

+0. 15 

55.  76 

6121 

20. 532 

15.0 

19.7 

49  17  37. 19 

6476 

20.  594 

18.3 

16.  4 

48  42  10.  48 

+  0  01.93 

—  0.  62 

0.  00 

55. 14 

6553 

18.  359 

17.  5 

17.7 

32  18  17.  59 

22.  723 

17.3 

18.  3 

65  46  05.23 

-  2  15.  56 

—  0. 27 

-0.  04 

55.  54 

6624 

23.  470 

16.3 

19.  0 

40  07  46.  70 

6681 

18.  000 

17.  2 

18.5 

57  46  26.  55 

+  2  49.  91 

-0.  89 

+0.05 

55.  70 

6728 

17.  026 

19.0 

17.  7 

43  25  31.  58 

6748 

23.  283 

19.2 

17.  8 

54  40  45.  46 

—  3  14.  36 

+0.  60 

-0.  05 

54.  71 

6780 

20.  760 

19.5 

16.8 

57  43  00.  71 

6817 

20.  758 

19.  0 

17.  5 

40  16  49.37 

-  0  00.  OG 

+0.94 

0.  00 

55.  92 

6830 

15.  468 

18.0 

18. 1 

47  36  27.33 

25.  627 

19.  2 

17.  1 

50  33  53.52 

-  5  15.  57 

+0.  45 

-0.  08 

55.  25 

6937 

15. 526 

19.0 

17.4 

36  28  13.  32 

6970 

25.  408 

19.7 

17.  2 

61  41  50.  03 

-  5  06.  96 

+0.  91 

-0.09 

55.  53 

7024 

17.  823 

18.7 

18.  6 

61  51  26.  94 

7073 

23.  877 

17.  7 

19.  0 

36  02  07.  82 

+  3  08.  06 

-0.  27 

+0.  05 

55.  22 

7100 

10.  971 

17.5 

19.0 

42  45  49.33 

7166 

29.  909 

19.  5 

17.2 

55  33  39.  77 

-  9  48.27 

+0.18 

-0. 17 

56.  29 

7215 

15.317 

19.0 

17.  6 

57  07  40.  33 

7277 

26.  134 

17.  0 

19.  0 

. 

40  40  59. 20 

+  5  36. 01 

-0.13 

+0.10 

55.  77 

7320 

22.  687 

17.5 

18.  7 

38  09  38.  0  1 

7-Yr.  2395 

17.  894 

19.0 

17.2 

59  45  15.96 

+  2  23.  88 

+0. 13 

+0.04 

56.  05 

7377 

30. 152 

16.0 

20.6 

59  28  06.  34 

7398 

10.  538 

20.2 

16.0 

38  52  02.  86 

-10  09.27 

-0.  09 

-0.  18 

. 

55.  06 

7416 

25.  600 

19.6 

17.  0 

62  03  05.  59 

7453 

15. 251 

17.  6 

18.7 

36  07  26.  83 

—  5  21.  47 

+0.  33 

—0. 10 

54.97 

7480 

18.  680 

18.0 

18.0 

45  59  08.41 

7489 

21.  704 

18.0 

18.  7 

52  03  51. 30 

-  1  33.93 

-0. 16 

-0.02 

48  59  55.  77 
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Observations  for  Latitude. — Station  No.  10 — Continued. 


B.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks*. 

Hicrorn. 

Level. 

Me  rid 
dist. 

Microm. 

Lovel. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  t  II 

/  II 

n 

II 

II 

o  i  n 

7505 

2.  510 

17.0 

19.3 

... 

37  58  12.  80 

7566 

17.  752 

17.0 

19.  5 

37  42  28.41 

7595 

32. 178 

19.  8 

17.  1 

60  32  20.  71 

-  7  58. 1 1 

4-0.  04 

—  0. 13 

48  59  56.  36 

7605 

7. 183 

19.  7 

17.2 

60  06  27.  38 

—  2  25. 16 

-j-0.  04 

—  0.  04 

54.  93 

7627 

25.  351 

13.8 

22.6 

25  20  02.  26 

7686 

17.  458 

23.  0 

14.  1 

72  34  44.  77 

+  2  32.  08 

+0.  02 

+0. 05 

55.  66 

7755 

17. 265 

18.4 

19.0 

58  47  33.  24 

7765 

23.  893 

18.5 

18.8 

39  C5  25. 89 

+  3  25.  89 

-0. 20 

+0.  06 

. 

55.  31 

7787 

18.  506 

17.5 

20.0 

52  01  29. 58 

7600 

22. 576 

20.0 

17.3 

45  54  08.  75 

+  2  06.  43 

+0.  04 

+0.  03 

. 

48  59  55.  07 

Mean  latitude  (75  determinations),  48°  59'  55".  39. 

c  =  0".  580 
r  =  0".  387 
£0  =  0".  007 
t0  =  0".  045 
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UNITED  STATES  NORTHERN  BOUNDARY. 
Observations  for  Latitude. 


Astronomical  Station  No.  17 — East  Butte,  C34  miles  west  of  Pembira. — Observer,  J.  E.  Gregory,  Captain  United  States 
Engineers. — Zenith  Telescope,  Wiirdemann  No.  20. — Chronometer,  Negus  Sidereal  No.  1513.J 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac 

Red.  to 
merid. 

N. 

S. 

m.  8. 

o  /  // 

/  // 

// 

// 

// 

O  /  /' 

5044 

16.710 

21.5 

19.5 

42  27  50. 12 

5658 

24. 241 

14.  7 

26.  1 

55  38  06.  82 

_  3  53.75 

—2. 10 

—0.  07 

48  59  05.  55 

July  29. 

5693 

25.  893 

19.8 

21.2 

31  54  43.  74 

5823 

15.  032 

18. 1 

24.  8 

65  52  17.  29 

-f  5  37. 37 

—1.  81 

+0. 10 

06. 17 

5853 

25. 703 

21.0 

22.0 

49  49  43.  05 

5911 

13.  693 

17.  0 

26.  0 

48  22  04.  62 

—  6  44.13 

—2. 23 

-0.11 

07.  37 

6047 

28.  813 

20.5 

23.0 

72  12  49.  58 

6073 

10.  687 

22.0 

21.  5 

26  04  19. 14 

-  9  23.  05 

-0.  45 

-0.  20 

06.16 

0114 

14.  470 

20.7 

23.  5 

76  58  41.80 

6157 

25.  782 

22.  5 

21.  9 

20  47  46.93 

+  5  51.  20 

i 

p 

45*. 

to 

+0.13 

06.  70 

6206 

13.  482 

20.7 

21.0 

79  58  57.18 

6245 

26.  393 

23. 1 

21.  8 

17  45  52.  39 

+  6  41. 06 

—0.  45 

+0.15 

05.  54 

6208 

14.373 

23.0 

22.0 

39  26  26. 13 

6289 

25.  940 

21.  9 

23. 1 

58  43  45.65 

-  5  59.  31 

1 

p 

o 

4* 

-0. 10 

06.  44 

6318 

12.  897 

22.0 

23. 1 

59  27  59. 99 

6365 

27.  500 

22.2 

23.6 

38  15  07. 07 

+  7  31.  61 

-0.  56 

+0.13 

06.71 

6421 

20.  980 

21.  5 

25.1 

49  17  38. 27 

6476 

19.  441 

21.5 

24.0 

. 

48  42  11.53 

-  0  48.  09 

-0.91 

-0.  02 

05.88 

6553 

16. 182 

23. 1 

24.4 

32  18  18.51 

0586 

22. 153 

23.6 

24.  1 

65  46  06. 42 

—  3  05.48 

—0.  40 

-0.  05 

06.  53 

6624 

21. 503 

23.0 

24.6 

40  07  47.  81 

6681 

17.  678 

24. 1 

23.3 

57  46  27.  76 

+  1  58  82 

—0. 18 

+0.  03 

06.  47 

6728 

16. 661 

23.9 

23.6 

43  25  32. 71 

6748 

24.  476 

22.3 

25.  0 

54  40  40. 69 

-  4  02.76 

—0.  54 

—0.  07 

06.  33 

6780 

21. 353 

23.5 

23.4 

57  43  Cl.  98 

6817 

19. 771 

22.5 

24.3 

40  16  10. 50 

—  0  49.  14 

—0.  38 

— 0.  02 

06.  70 

6830 

14.  047 

24.3 

22.  5 

47  36  23  60 

6865 

25.  790 

22.  0 

25.0 

50  31  54.  76 

—  6  C4.  77 

-0.27 

—  0.  10 

06.54 

6937 

14.  525 

22.3 

24.7 

3G  28  14.43 

6970 

25.  980 

23.0 

23.7 

01  41  51.37 

-  5  f  5. 83 

-0.  56 

—0.  10 

06.  41 

7100 

9.  771 

26.0 

21.9 

42  45  50. 56 

7i60 

30.  341 

22.6 

25.5 

55  33  41  22 

—  10  33.  97 

+0.  27 

—0. 19 

07.  00 

7215 

15.  673 

23.0 

25.0 

57  07  41.75 

7277 

24.  850 

23.5 

22.  1 

40  41  (0.46 

+  4  45.  07 

+0.  54 

+0. 08 

06.  79 

7320 

21.  409 

24.  5 

24.  5 

38  09  39.26 

G.  7-Tr.  2395 

18. 273 

25.7 

23.5 

59  45  17.  38 

+  1  37.  41 

+0.49 

+0.  03 

06.  25 

7377 

30.  771 

24.0 

25.2 

59  29  07.  75 

7398 

9.510 

26.5 

23.0 

38  52  04. 10 

—  11  CO.  43 

+0. 51 

—0. 19 

05.81 

7416 

26.  C03 

20.9 

23.0 

62  03  07. 06 

7453 

14. 043 

23.5 

26.  G 

36  07  28.  05 

-  C  11.  67 

+0. 18 

-0. 11 

. 

48  59  05. 95 
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Observations  for  Latitude.— Station  LTo.  17 — Continued. 


B.  A.  C. 
No. 

Headings. 

D  eclination . 

Corrections. 

Latitude. 

Itemarts. 

Miorom. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Eefrac. 

Ited.  to 
merid. 

X. 

S. 

m.  s. 

o  /  // 

/  // 

// 

// 

It 

o  /  n 

7480 

17.  948 

26.0 

24.0 

45  59  09.  75 

7469 

22.  617 

24.5 

26.0 

52  03  52.  74 

—  o  25.  03 

+0.11 

-0.  04 

48  59  06.  28 

7505 

2.  010 

26.9 

23.7 

37  58  14.05 

75G6 

17.  237 

27.0 

24.0 

37  42  29.  66 

7595 

33.  280 

24.8 

26.6 

GO  32  22. 16 

—  8  18.34 

+0.  27 

-0. 15 

07.  69 

7605 

8.314 

24.2 

27.0 

CO  06  28.  81 

—  3  15.82 

-fo.  09 

-0.06 

05.  64 

7627 

21.  554 

24.9 

26.5 

25  20  05. 35 

7686 

18.  286 

26.7 

25. 1 

72  34  46.21 

+  1  41.51 

0.  00 

+0. 03 

06.  31 

7755 

17.  820 

25.9 

26.0 

0  13 

58  47  34. 66 

7765 

22. 830 

23.7 

28.0 

0  16 

39  05  27. 16 

+  2  35.  63 

-0.98 

+0. 04 

+0.05 

05.65 

7787 

19.  096 

24.8 

27.0 

52  01  30.  96 

7800 

21.  553 

26.0 

45  54  10.  08 

+  1  16.  32 

-0.  40 

+0. 02 

06.  46 

7820 

12.  048 

26.9 

24.9 

48  50  17.  00 

7882 

28.  662 

25.  7 

27.  0 

49  23  08. 17 

—  8  36.  08 

+0. 16 

-0. 14 

06.  52 

7907 

9.738 

27.7 

25.3 

24  42  55.  62 

7945 

30.  023 

24.  0 

29.  6 

22  54  16.  53 

+10  30. 11 

-0.71 

+0.22 

05.  69 

5644 

16.  503 

13.7 

14.8 

42  27  56. 24 

5658 

24. 143 

17.3 

11.0 

0  05 

55  38  06.  94 

—  3  57.  32 

+1.16 

-0.  07 

+0.01 

05.37 

July  30. 

5693 

26. 244 

14.0 

14.4 

31  54  43.  85 

5823 

15.  442 

14.  8 

16.  0 

65  52  17.  44 

+  5  35.  54 

—0.  36 

+0. 10 

05.  92 

5853 

26.  757 

16.1 

14.9 

49  49  43. 20 

5911 

13.  672 

13.0 

19.0 

48  22  04.  79 

-  6  46.  46 

-1.  07 

-0.11 

. 

06. 36 

6114 

14. 525 

13.3 

14.0 

76  58  44.  99 

6157 

25.  827 

16.  6 

16.0 

20  47  47.05 

+  5  51.  07 

—0.  02 

+0. 13 

07.  20 

6206 

13.  451 

15.  1 

17.1 

79  58  57. 39 

6245 

26. 398 

13.  0 

19.8 

17  45  52.51 

+  6  42. 17 

—1.96 

+0. 15 

05.31 

5693 

26. 272 

13.0 

17.5 

31  54  44.24 

5823 

15. 468 

17.5 

15.  0 

65  52  17.  97 

+  5  35.  60 

—0.45 

+0.10 

06.  35 

August  2. 

5853 

26.  650 

16.9 

15.7 

49  49  43.  74 

5911 

13. 561 

12.2 

20.4 

48  22  05. 34 

-  6  46. 58 

-1.5G 

-0.11 

. 

06.  29 

6047 

28.  697 

14.8 

19.0 

72  12  41.39 

6073 

10.  576 

15.  6 

18.  0 

26  04  19.  76 

—  9  22.  89 

—  1.  47 

— 0.  20 

06.  02 

6114 

14.  377 

15.2 

18.2 

76  58  45.  66 

6157 

25.  650 

17.3 

16.1 

20  47  47.  52 

+  5  50. 17 

-0.40 

+0. 13 

. 

06.49 

6206 

13. 476 

16.  1 

17. 1 

79  58  58. 09 

6245 

26.  363 

16.  4 

17.  4 

17  45  52. 96 

+  6  40. 31 

-0.51 

+0.15 

05.47 

6268 

14.  065 

19.  0 

14.8 

39  26  26.  98 

6289 

14.  3 

19.  3 

58  43  46.  64 

-  5  59.  96 

-0. 18 

-0. 10 

06.  57 

6318 

13. 224 

16.4 

17.3 

59  28  00.  99 

6365 

27.  794 

16.  5 

17.  0 

38  15  07.95 

+  7  32. 59 

— 0.  31 

+0.13 

06.  88 

6421 

20. 780 

16.3 

17.3 

49  17  39.  23 

6476 

19. 185 

16.  5 

17.  0 

48  42  12.55 

—  0  49.  55 

-0.  33 

—  0.  02 

05.99 

6553 

17.  238 

19.2 

14.8 

32  18  19.  38 

6586 

*23  260 

14.  rt 

19.  4 

65  46  07.  58 

—  3  07.06 

-0.04 

-0.  05 

06.33 

6624 

22. 360 

18.3 

15.3 

40  07  48.  85 

6681 

18. 578 

16.0 

17.8 

57  46  28. 93 

+  1  57.  48 

-0.27 

+0.03 

. 

06.13 

6728 

16. 378 

16.4 

17.4 

43  25  33.  79 

1ft  0 

15.  ft 

54  40  47.  87 

4  04.78 

-0.  27 

-0.  07 

05.71 

6780 

21.009 

16.0 

18.0 

57  43  03. 18 

6817 

19. 376 

18.8 

15  2 

40  16  51.50 

-  0  50.  73 

-0.  36 

-0.  02 

48  59  06. 26 
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Observations  for  Latitude. — Station  No.  17 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Remaiks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Itefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  t  n 

!  // 

n 

It 

// 

o  /  1/ 

6830 

14. 184 

18.3 

15.  6 

47  36  29. 74 

25  983 

16. 1 

17.  9 

50  33  55.94 

-  6  06.  51 

+0.  20 

-0. 10 

48  59  CG.43 

6937 

14.  630 

18.  0 

16.0 

36  28  15.  47 

i 

0970 

26  150 

1 7.  0 

17.  2 

61  41  52.  65 

—  5  57.85 

+0.  40 

-0. 10 

06.51 

7024 

18.110 

15.  G 

18.5 

61  51  29.  59 

1 

7073 

22.  504 

19.  0 

15.  0 

36  02  10.  03 

+  2  16.  49 

+0.25 

+0.  03 

06. 58 

7100 

10.218 

18.1 

15.8 

42  45  51.71 

7166 

30.  937 

17.  7 

15.6 

0  16 

55  33  42.  50 

-10  43.59 

+0.98 

-0.  19 

+0.01 

04.  33 

Rejected. 

7820 

11.  801 

18.4 

12.  9 

48  50  18.22 

7882 

28.  482 

16.  0 

14.  C 

49  25  09.  38 

-  8  38. 16 

+1.54 

-0. 14 

07.  04 

7907 

9.  892 

13.0 

17. 1 

74  42  56.  92 

7945 

30.  117 

19.  0 

11.  6 

22  54  17.  43 

+10  28.  25 

+0.  74 

+0.22 

06.  38 

7962 

27.  649 

14.8 

15.8 

41  17  14.  66 

8024 

12. 901 

18.5 

11.6 

56  25  43.  04 

+  7  36.  25 

+1.32 

+0.13 

. 

0G.  55 

8036 

19.  943 

14.0 

15.  6 

49  22  03.  91 

8059 

19.  458 

18.  6 

11.  5 

48  36  36.  26 

0  15.  07 

+1.  36 

0.  00 

06.  38 

8083 

16.  752 

13.0 

17.2 

56  28  21.  57 

8128 

23.  067 

13.  0 

17.  3 

41  23  21.  45 

4-  3  16  16 

-1.  90 

+0.  06 

05.  83 

8206 

26.  845 

16.0 

14.8 

30  37  52.  95 

8273 

13  361 

15.4 

15.7 

. 

67  06  21. 28 

+  6  58.  85 

+0.20 

+0. 13 

06.  29 

8314 

25.  410 

15.9 

15.7 

73  42  28.  90 

8324 

14.  923 

17.  0 

14.  6 

24  26  34.  47 

5  25.  76 

+0.  58 

-0. 11 

66.  40 

46 

23.  643 

17.6 

15.0 

60  49  55.  98 

67 

15.  900 

15.  0 

17.  3 

37  16  17. 15 

-  4  00.  52 

+0.07 

-0.  07 

06.  04 

120 

9.  647 

17.  3 

15.2 

32  53  14.  45 

175 

31.  210 

15.  4 

17.2 

65  27  17.  84 

-11  09.81 

+0.07 

-0.  20 

06.  21 

198 

23.  062 

18.0 

14.8 

47  35  40.  72 

219 

17.  553 

14.  8 

18. 1 

50  16  48.  76 

+  2  51. 13 

-0.  02 

+0.  05 

05.  90 

239 

28.  538 

15.9 

17.  1 

60  25  54.  65 

259 

12.  419 

18.0 

15.  3 

37  48  59.  05 

—  8  20.  70 

+0.33 

-0.  15 

06.  33 

G.  12-Tr.  73 

17.  294 

18.7 

15.5 

67  06  21.  89 

- 

345 

23.  613 

14.3 

19.8 

30  45  20.  07 

+  3  16. 29 

-0.51 

+0.07 

48  59  0G.  79 

Mean  latitude  (60  determinations),  48°  59'  06".30. 

e  0".  489 
t  0".  326 
0".  063 
t0  C".  042 


18  74 


UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

[Astronomical  Station  No.  18 — Red  River,  672  miles  west  of  Pembina.— Observer.  J.  P.  Gregory,  Captain  United  States 
Engineers.— Zenith  Telescope,  Wiirdemann  No.  20. — Chronometer,  Negus  Sidereal  No.  1013.] 


B.  A.  C. 
No. 

Readings. 

Declinat'on. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

Of  ft 

/  ft 

// 

// 

n 

o  /  n 

5853 

21.911 

18.7 

16.7 

49  49  44.  89 

5911 

15  438 

17.  2 

19.  5 

48  22  06.  55 

—  4  54.  26 

—0.  07 

-0.  08 

49  01  01.31 

August  8. 

6017 

27.  318 

17.8 

20.0 

72  12  42. 80 

6073 

12.  808 

20.  0 

18.  5 

26  04  20.90 

—  7  30.72 

-0. 16 

-0.15 

00. 82 

6114 

12.438 

20.6 

18.0 

76  58  47. 14 

6157 

27.  360 

18.  7 

20.  5 

20  47  48.62 

+  7  43.  52 

+0.18 

+0.17 

01.75 

6206 

11.533 

19.8 

19.7 

79  58  59.  66 

6245 

28.  063 

20.  0 

19.  7 

17  45  54.05 

+  8  33.  47 

+0. 09 

+0. 19 

00.  60 

6263 

15.  950 

22.  0 

17.  7 

39  26  28.  47 

6289 

23.  913 

18.  5 

21.2 

53  43  48.31 

-  4  07.  35 

+0.  36 

-0.07 

01.33 

6318 

10.  969 

19.7 

20.0 

59  28  02.  69 

6365 

29. 170 

20.  0 

20.  6 

38  15  09.  50 

+  9  25. 38 

-0.  20 

+0. 17 

01.44 

6421 

19. 145 

21;  8 

19.  1 

49  17  49.  95 

6476 

21. 189 

19.  6 

22.  0 

48  42  14.  31 

+  1  03.  49 

+0.07 

+0.  02 

01.  21 

6553 

19. 165 

21.1 

20.8 

32  18  20. 94 

6586 

21.  556 

21.  3 

21. 1 

65  46  09.  55 

-  1  14.27 

+0.11 

-0.  02 

01.  06 

6624 

21.153 

21.9 

20.6 

40  07  50.  62 

6681 

16.  743 

20.  8 

21.  4 

57  46  30.93 

+  3  50. 18 

+0. 16 

+0. 07 

01.  18 

6728 

17.  872 

22.1 

19.9 

43  25  35.  64 

6748 

22  118 

20. 1 

21.  9 

54  40  49.  89 

-  2  11.89 

+0.  09 

-0.  03 

00.  93 

6780 

19.  530 

21.0 

21.1 

57  43  05. 26 

6817 

21  522 

21.  7 

20.  7 

40  16  53.  42 

+  1  01.  88 

+0.  20 

+0.  02 

01.  44 

6830 

15.  862 

21.7 

20.7 

47  36  31.73 

6865 

24.  043 

22.0 

20.6 

50  33  57.  99 

-  4  14.13 

+0.  54 

-0.  07 

. 

01.  20 

6937 

16.  060 

22.0 

20.6 

36  28  17.32 

6970 

23  947 

22.  0 

20.  7 

61  41  54.  86 

-  4  04.99 

+0.C0 

-0. 07 

01.  63 

7024 

16.  673 

20.6 

21.8 

61  51  31.83 

7073 

24.  689 

22.  4 

19.  9 

36  02  11.  92 

+  4  09. 00 

+0.29 

+0. 07 

01.23 

7100 

11.638 

21.6 

20.3 

42  45  53.  75 

7166 

28.  630 

21.  9 

20.0 

55  33  44.  73 

—  8  47.82 

-1-0.  71 

-0. 15 

01.  98 

7215 

13.  305 

19.0 

22.9 

57  07  45. 20 

7277 

26.  074 

23.  9 

18.  9 

40  41  03.63 

+  C  36. 64 

+0.25 

+0.11 

01.  46 

7320 

23. 193 

21.8 

21. 1 

38  09  42.  37 

7-Yr  2395 

16.  455 

22.  5 

20.  6 

59  45  21.  01 

+  3  29. 30 

+0.53 

+0. 06 

01.  63 

7377 

29.011 

20.8 

22.4 

59  28  11.40 

73QR 

1 1  368 

22. 1 

21.  0 

38  52  07.  27 

-  9  03.  04 

-0. 11 

-0. 16 

01.02 

7116 

24.  770 

21. 1 

22.0 

62  03  10.  74 

7453 

16  410 

22.  0 

21.  8 

36  07  31. 14 

—  4  19.69 

-0. 16 

-0. 08 

01.01 

74f  0 

19.  638 

21.  7 

21.  8 

45  59  13. 15 

7489 

20.  694 

21.  4 

22.0 

52  03  56. 28 

-  0  32.  80 

-0.16 

-0. 01 

40  01  01.74 

11 
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UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


Observations  for  Latitude. — Station  J$To.  18 — Continued. 


B.  A.  C. 
No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Lovoi. 

Merid. 

dist. 

Microm. 

Level. 

Ilefrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

// 

// 

o  /  n 

7580 

13.  923 

20.9 

22. 5 

37  42  32.  81 

26  407 

22.  0 

21.  2 

60  32  25.  82 

-  6  27.  79 

-0.  18 

—0.  11 

49  01  01.  24 

7637 

23.  644 

21.7 

21.1 

23  20  00.  03 

7086 

16  762 

21.0 

21.  9 

72  34  49.  93 

+  3  33.  78 

r- 

c 

C 

1 

+0.  07 

01.  76 

7755 

10.218 

17.  7 

25.0 

58  47  38. 28 

7765 

9.4  808 

24.  5 

18.  4 

39  05  30.  35 

+  4  26.  83 

-0.  27 

+0.  08 

CO.  95 

7787 

17.  602 

20.9 

21.9 

• 

52  01  34.  46 

7800 

21.0 

21.2 

45  54  13.  45 

+  3  07.71 

t- 

Cl 

o 

1 

+0.05 

Cl  44 

7830 

13.  955 

22  0 

20.6 

48  50  20.41 

7882 

26.  970 

20.  0 

23. 1 

49  25  11.  56 

—  6  44.29 

-0.38 

-0.  11 

01.21 

7907 

8.  016 

21.1 

21.9 

74  42  59.  22 

7945 

31.  914 

20.8 

22.3 

22  54  19.  08 

-{-12  22.  34 

-0.  51 

+0.  20 

01.21 

7063 

29. 197 

22.0 

21.  0 

41  17  16.  68 

8024 

10.  835 

21.0 

22.  0 

+  9  30.  38 

0.  00 

+0.17 

01.  50 

8036 

18.  235 

21.9 

21.5 

49  22  06.  02 

8059 

21.  460 

20.7 

22.0 

48  33  38.  35 

+  1  40.  18 

-0.  33 

+0.  02 

02.  05 

8083 

15.110 

21.0 

22.0 

56  23  23.  73 

8128 

25.  016 

22.0 

21.  0 

41  23  23.  42 

+  5  07.  71 

0.  00 

+0.  C9 

01.  37 

8336 

28.  870 

21.2 

22.0 

30  37  54.  70 

8273 

11.  737 

23.5 

20.  8 

67  00  23.  35 

+  8  52. 20 

+0. 20 

+0.  17 

01.  59 

8314 

23.  537 

21.0 

22.  0 

73  42  30. 90 

8324 

16.  680 

99.  4 

20.  9 

24  26  36.44 

-  3  32. 69 

+0.  11 

-0.  07 

01.02 

46 

32.  204 

22.0 

22.0 

60  49  57.  89 

G7 

18. 119 

22  4 

21.  0 

37  10  18.87 

2  06  89 

+0.11 

-0.  01 

01.57 

130 

11.  301 

23.3 

21.0 

32  51  16.  05 

175 

29.  265 

21.  0 

23.  0 

05  27  19.  60 

-  9  16.15 

+0.  20 

-0.  17 

01.  70 

198 

25.  023 

22.  4 

22.  1 

47  35  42.41 

219 

15.  853 

21.5 

23.0 

50  16  50.  45 

+  4  44.  85 

-0.  27 

+0.03 

01.  09 

239 

26. 204 

21.  0 

23.6 

60  25  56.  33 

259 

13.  747 

2.3.  7 

21.0 

. 

37  40  00.61 

-  6  26.  95 

+0.  02 

-0. 11 

01.43 

12-Yr.  73 

15.  189 

20.  9 

24.0 

67  06  23.  58 

315 

25.  159 

23.  7 

2L.  0 

30  45  21.  49 

+  5  09.  70 

—0.  09 

+0. 10 

02.  24 

401 

30.017 

22.  0 

22.5 

23  01  53.  03 

438 

10.  386 

22.0 

22.  6 

69  36  51.  67 

+10  09.  80 

-0.  25 

+0.10 

02.  00 

5853 

25.  358 

14.  8 

15.0 

49  49  45.01 

5911 

15.  910 

14.  0 

16.  0 

48  22  06  68 

—  4  53.  48 

—  0.  49 

0.  C8 

01.  79 

6047 

27.  004 

17.0 

13.9 

72  12  42.  96 

6073 

12.  602 

13.  9 

17.  5 

26  0 1  21.  02 

-  7  30. 10 

-0.  11 

-0. 15 

01.  57 

6114 

13.  530 

14.  9 

16.9 

76  58  47.  31 

0157 

27.  472 

15.8 

16.  1 

20  47  48.  74 

-|-  7  44.  14 

-0.  51 

+0.17 

01.  82 

0306 

11.017 

14.0 

17.  9 

79  53  59.  85 

6345 

28. 170 

16.2 

16.3 

17  45  54. 17 

+  8  31.  10 

-0.  80 

+0.19 

. 

00.  50 

G2G6 

10.  510 

18.5 

14.  8 

39  20  28.  65 

6289 

24.  442 

13.3 

20.  0 

-  4  06.39 

-0.  67 

o 

o 

1 

01.  45 

6318 

11.540 

17.4 

16.3 

59  23  02.  CO 

6365 

29.  784 

13.0 

22.7 

38  15  00.  70 

+  9  20.71 

-1.  01 

+0  17 

01.27 

6431 

19. 158 

1 4.  0 

27.0 

49  17  41. 18 

6476 

21.  255 

19.  0 

17.  3 

48  42  14.54 

+  1  05. 14 

-1.40 

+0.  02 

01.  02 

6553 

10.  202 

18.8 

18.0 

32  18  21.  11 

058G 

21.  589 

19.  0 

18.2 

05  46  00.  82 

-  1  10. 15 

+0.  3G 

-0.  02 

4)  01  01.  G7 
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Observations  for  Latitude. — Station  No.  18 — Continued. 


B.  A.  C. 
No. 

Headings. 

Declination. 

Corrections. 

Latitude. 

Miciom. 

Level. 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

Remarks,  j 

N. 

S. 

m.  s. 

o  /  II 

/  II 

II 

II 

II 

O  1  II 

6624 

24. 242 

18.  7 

19.0 

40  07  50.  85 

6681 

16.  824 

19.  0 

19.  1 

57  46  31.21 

+  3  50.  43 

-0.  09 

+0.  07 

49  01  01.  44 

7024 

16.741 

17.8 

19.9 

0  08 

61  51  32. 17 

7073 

24.  743 

19.3 

IS.  0 

36  02  12.21 

+  4  03.  63 

-0.18 

+0.  07 

+0.01 

00.  72 

7100 

11.  575 

20.7 

16.6 

42  45  54.  06 

7166 

28.  541 

16.  1 

21.  4 

55  33  45.  07 

-  8  47.  01 

-0.  27 

-0.  15 

02.  13 

7215 

14.  015 

17.  1 

20.  1 

57  07  45.  64 

7277 

26.  798 

20.  0 

17.  8 

40  4 1  03.  94 

+  6  37.08 

-0.  18 

+0.11 

01.  80 

7962 

29.  251 

20.  6 

18.5 

41  17  17.  05 

8024 

10.  904 

17.  !) 

21.  9 

+  9  29.  91 

-0.  42 

+0.  17 

00.  99 

8036 

18.453 

20.  3 

19.  7 

49  22  06.  39 

8059 

21.6  6 

19.  4 

20.  4 

48  36  38.  72 

+  1  39.  81 

-0.  09 

+0.  02 

02.  29 

8083 

15.  050 

17.  9 

22.  0 

56  28  24. 11 

8128 

24,  964 

20.7 

19.  1 

41  23  23.  76 

+  5  07.  96 

-0.  56 

+0.  09 

. 

01.42 

8206 

20. 178 

18.8 

21.7 

0  12 

30  37  55.  01 

8273 

12.  057 

21.0 

19.0 

67  06  23.  72 

+  8  51.  S3 

-0.  CO 

+0. 17 

+0.  02 

01. 18 

8314 

23.  650 

21.  0 

19.0 

73  42  31.  28 

8324 

16.  8il 

18.  0 

22.  0 

24  26  36.  73 

—  3  32. 13 

0.  45 

-0.  07 

01.  35 

46 

22.  548 

22.0 

18.6 

60  49  58.  24 

67 

18.  432 

19.4 

21.0 

. 

37  16  19.  18 

-  2  07.  86 

+0.40 

-0.  03 

01.22 

120 

11.  770 

20.  7 

19.8 

32  53  16.  35 

175 

29.  705 

21.  0 

19.  7 

65  27  19.  94 

—  9  17.11 

+0.49 

—  0. 17 

01.  35 

198 

25.  254 

21.5 

19.0 

47  35  42.  73 

210 

16.  125 

20.  0 

20.  6 

50  16  56.77 

+  4  43. 57 

+0.42 

+0.  08 

00.  82 

239 

26.  263 

18.5 

22.0 

60  25  56.  65 

259 

13.  768 

23.  1 

17.  4 

37  49  00.  90 

—  6  28.13 

+0.  49 

-0. 11 

01.  02 

Gr.  12- Yr.  73 

15.  462 

20.  1 

20.  5 

67  06  23.  92 

345 

25.  417 

29.  2 

20.  5 

30  45  21.  77 

+  5  09.  23 

-0. 16 

+0.10 

01.01 

401 

30.  509 

21.6 

19.5 

28  04  53. 28 

43s 

10.  886 

19.5 

21.7 

69  36  51.  95 

+10  09.  55 

-0.  02 

+0.19 

49  01  02.  33 

Mean  latitude  (GO  determinations),  49°  01'  01. "42 

e  -  0".413 
t  =  0".275 
£„  =  0".053 
r„  =  0".033 


1874. 

UNITED  STATES  NORTHERN  BOUNDARY. 

Observations  for  Latitude. 

Astronomical  Station  No.  19 — Worth  Fork  of  Milk  River,  716  miles  west  of  Pembina.— Observer,  J.  P.  Gregory,  Captain 
United  States  Engineers. — Zenitli  Telescope,  Wiirdemann  No.  20.— Chronometer,  Negus  Sidereal  No.  1513.] 


B.  A.C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microm. 

Level 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

// 

n 

O  /  /' 

6047 

27.  507 

15.5 

19.0 

72  12  43  54 

€073 

11.  014 

18.  0 

17.  0 

26  04  21.  45 

—  8  32.  32 

-0.  56 

-0. 17 

48  59  59.  45 

August  13. 

6114 

13.  263 

16.9 

18.  6 

76  58  47.  95 

€157 

26. 162 

18.  5 

17.  0 

20  47  49. 17 

+  6  40.68 

-0.  04 

+  0.14 

59.  34 

7320 

22. 286 

19.0 

18.0 

38  09  43. 76 

17.  546 

17.  5 

20.  5 

59  45  22  69 

+  2  27.  24 

—0.  45 

+0.  04 

60.05 

7377 

29.  720 

18.5 

19.8 

59  28  13. 09 

7398 

10.  045 

18.  6 

20.  0 

38  52  08.  70 

-10  11. 16 

-0.  60 

-0. 18 

58.95 

7416 

25.  470 

18.0 

20.7 

62  03  12.  44 

7453 

15.  070 

20.  7 

18.  4 

36  07  32.54 

-  5  23.  06 

-0.  09 

-0. 10 

59.  24 

7400 

18. 189 

19.9 

19.1 

45  59  14.  69 

7489 

21.  317 

18.  8 

20.  6 

52  03  57  94 

-  1  37.  17 

-0.  22 

—0.  02 

58.91 

7566 

13. 187 

19.5 

20.7 

37  42  34.27 

7595 

27.  686 

20.  6 

19.  7 

60  32  27.  58 

-  7  30. 38 

-0.  07 

—  0. 13 

60.34 

7627 

22.  264 

19.5 

20.8 

25  20  07. 25 

7C86 

17.  447 

21.  9 

19.  0 

72  34  51.  75 

+  2  29.  63 

+0.  36 

+0.  05 

59.  54 

7755 

17.  064 

21.0 

20.9 

58  47  40. 04 

7765 

23. 601 

20.  6 

21.  0 

39.  05  31.  86 

+  3  23. 06 

-0.  07 

+0.  06 

59.  00 

7820 

12.  651 

21.5 

20.8 

48  50  22.07 

7882 

27-.  720 

21.4 

21.5 

49  25  13. 24 

-  7  48.  09 

+0. 13 

-0. 13 

. 

59.  56 

7907 

8. 693 

20.9 

22.0 

74  43  01.  04 

7945 

30.  527 

21.8 

21.6 

22  54  20.29 

+11  18.23 

-0.20 

+0.23 

58.93 

7962 

28.  237 

22.3 

21. 1 

41  17  18.34 

8024 

11.  938 

21. 1 

22.  9 

56  25  46.97 

+  8  26. 30 

-0. 13 

+0.15 

58.  97 

8036 

19.  908 

21.9 

22.2 

49  22  07. 69 

8059 

21. 083 

20.  7 

23.  7 

48  36  40.01 

+  0  36. 50 

-0.74 

+0. 01 

59.  62 

8083 

15.  475 

21.5 

23.0 

56  28  25. 46 

8128 

23. 341 

22.0 

22.9 

. 

41  23  24.  97 

+  4  04. 34 

-0.  54 

+0.  07 

59.08 

8206 

27. 474 

23.4 

22.3 

30  37  56.  07 

8273 

12.  364 

20.  7 

25.  6 

67  06  25.  06 

+  7  49. 36 

-0.85 

+0. 15 

59.23 

8314 

24.  599 

22.8 

23.6 

73  42  32.61 

8324 

15.  760 

20.8 

25.  7 

24  26  37.69 

-  4  34. 57 

-1. 27 

—0.  09 

59.22 

46 

23. 132 

25.2 

21.9 

60  49  59. 50 

67 

16.  985 

21.  9 

25.  4 

37  16  20.27 

-  3  10. 94 

-0.04 

-0.  05 

58.85 

120 

10.  431 

25.5 

22.0 

32  53  17.  39 

175 

30.  373 

21.  8 

25.  8 

65  27  21. 14 

-10  19.  46 

—0.11 

-0. 20 

59.  50 

198 

23.  895 

24.4 

23.0 

47  35  43.  87 

219 

16.  773 

22.  3 

25.  0 

50  16  51.  90 

+  3  41.23 

-0.  29 

+  0.  06 

58.88 

239 

27. 147 

23.5 

24.0 

60  25  57.  79 

259 

12. 6G9 

23.8 

23.8 

37  49  01.  95 

-  7  29. 73 

-0.11 

-0. 13 

48  59  59.90 

1G4 
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Observations  for  Latitude. — Station  No.  19 — Continued. 


B.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Miorom. 

Level. 

Morid. 

dist. 

Microin. 

Level. 

Refrac. 

Rod.  to 
morid. 

N. 

s. 

m.  s. 

O  /  II 

/  // 

II 

II 

n 

O  /  II 

Gr.  12- Yr.  73 

15.  943 

22.6 

25.1 

67  06  25. 17 

345 

23.  893 

22.  3 

25.  4 

30  45  22.  73 

+  4  06.  95 

-1.25 

+0.08 

48  59  59.  73 

401 

28.  903 

24.0 

23.8 

28  04  54.  21 

438 

11.313 

23.3 

24.3 

. 

69  36  52.  98 

+  9  06.  40 

-0.18 

+  0. 17 

59.98 

5603 

26.  935 

12.8 

9.0 

0  10 

31  54  45.  54 

5823 

14. 465 

8.0 

16.4 

65  52  19.  72 

-j  6  27. 36 

-1.03 

+0. 12 

+  0.01 

59.  09 

"5853 

26.  262 

14.6 

10.4 

49  49  45.54 

5911 

14.  792 

10.  5 

15.9 

48  22  07.  26 

5  56.29 

-0. 27 

-0.  10 

59.  74 

6047 

27.  858 

14.  8 

12.9 

72  12  43.  69 

6073 

11.  341 

13.  0 

14.  8 

26  04  21.  57 

-  8  33.  07 

+0.  02 

-0.  17 

59.  41 

6114 

13.  754 

13.0 

14.7 

76  58  48. 11 

61 57 

26.  657 

15.  0 

13.  0 

20  47  49.26 

fi  40  8! 

+0.  07 

+0.14 

59.  70 

6206 

12.  392 

12.8 

15.6 

79  59  00.  73 

6945 

26.  920 

14.  7 

13.  9 

17  45  54.  69 

-f  7  31  28 

-0.  45 

+0. 17 

58.  71 

6268 

14.  710 

15.  0 

13.0 

39  26  29.  46 

6289 

24.  694 

14.  1 

14.0 

58  43  49.  48 

-  5  10. 13 

+0.  47 

-0.  09 

. 

59.  72 

6318 

12. 193 

13.0 

15.2 

59  28  03. 90 

6365 

28. 353 

15.7 

13.0 

. 

38  15  10.56 

+  8  21.  98 

-1-0. 11 

+0.15 

59.47 

6421 

20. 210 

14.0 

14.7 

49  17  42.19 

20  211 

14.  8 

14.  0 

48  42  15.  59 

_l_  n  no  03 

+0.02 

0.  00 

53. 94 

6553 

18. 267 

16.0 

13.  0 

32  18  22.  04 

65K6 

22  680 

13.  7 

16.  0 

65  46  11.  07 

-  2  17.  08 

+  0. 16 

-0.  04 

59.  59 

6624 

23.  277 

14.0 

15.9 

40  07  51.  88 

6681 

17. 890 

14.9 

15.5 

. 

57  46  32.  47 

+  2  47.  34 

-0.  56 

+  0.  05 

59.  00 

6728 

16.  675 

13.9 

16.8 

43  25  37.  08 

6748 

22.  931 

15.  9 

14.9 

54  40  51.49 

-  3  14.33 

-0. 42 

-0.  05 

59.  48 

6780 

20.  421 

16.0 

14.9 

57  43  06.91 

6817 

20.  397 

13.  0 

17.  8 

40  16  54.  86 

-  0  00.  75 

-0.  83 

0  00 

59.  31 

6830 

14.  958 

14.9 

15.9 

47  36  33.  30 

6865 

25. 159 

13.  0 

17.  7 

50  33  59.  62 

-  5  16.87 

1.  27 

-0.  08 

58. 24 

6937 

15.  321 

14.6 

15.9 

36  28  18.  76 

6970 

25. 244 

16.  0 

14.  6 

61  41  56.  G8 

-  5  08.  24 

+0.  02 

-0.  09 

59.41 

7024 

17.  430 

16.0 

14.  8 

61  51  33.65 

7073 

23  411 

13.  9 

16.  9 

36  02  13.  4 1 

-f-  3  05.  79 

-0.  49 

+0.  05 

58.97 

5853 

25.919 

14.9 

16.9 

49  49  45.  67 

5911 

14  453 

14.  5 

17.  7 

48  22  07.  40 

-  5  56. 17 

1.  16 

-0.  10 

59.  10 

6047 

28. 123 

14.6 

17.7 

72  12  43. 85 

6073 

11  582 

19.  0 

13.  0 

26  04  21.  68 

-  8  33.81 

+0.  65 

-0.  17 

59.  43 

6114 

13.  232 

15.7 

16.8 

76  58  48. 28 

6157 

26.  123 

16.  8 

16. 1 

20  47  49.38 

-|-  6  40.  42 

—  0.  09 

+0. 14 

59.31 

6206 

12.  811 

15.9 

17.  1 

79  59  00.  91 

6245 

27  323 

17  1 

16.  4 

17  45  54.  80 

+  7  30.  79 

-0.  11 

+0. 17 

58.  70 

6268 

14.895 

17.2 

16.6 

39  26  29.  G1 

6289 

24.  872 

15.6 

18.3 

58  43  49.  68 

—  5  09.  92 

-0.47 

-0.09 

. 

59. 17 

G318 

11.  996 

15. 1 

19.0 

59  28  04. 10 

9,8  181 

18  0 

16.  4 

38  15  10.74 

+  8  22.  75 

+0.31 

+0. 15 

60.  01 

6421 

20. 100 

16.5 

19.0 

49  17  42. 40 

90  1  10 

18  0 

17  8 

48  42  15.80 

+  0  00.59 

-0.51 

0.  00 

59.  18 

6553 

18.580 

19.0 

17.4 

32  18  22.23 

6586 

22.  983 

16. 1 

20.  4 

65  46  1 1.  32 

-  2  16.77 

-0.60 

-0.  04 

48  59  59.  36 

Remark  s. 


August  14. 


August  15. 
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Observations  for  Latitude. — Station  No.  19 — Coutiuued. 


13.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Miorom. 

Level. 

Merid. 

(list. 

Micro  m . 

Level. 

Relrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  n 

/  n 

II 

u 

„ 

o  /  II 

6624 

23.  296 

17.  3 

19.  5 

40  07  52. 14 

6681 

17.899 

17.8 

19.  4 

. 

57  46  32.  74 

+  2  47.  65 

-0.  85 

+0.  05 

. 

48  59  59.  29 

6728 

16.  821 

17.2 

20. 1 

43  25  37.  33 

CT48 

23. 141 

21.  2 

16.  4 

54  40  51.  76 

-  3  16.32 

+  0.  42 

-0.  05 

58.  60 

6780 

20.  603 

19.0 

18.8 

57  43  07.19 

6817 

20  532 

19  0 

19.  1 

40  16  55.  11 

-  0  02.21 

+  0.02 

0.  00 

58.  96 

6830 

15.  058 

18.7 

20.0 

47  36  33.  56 

6865 

25.  296 

22.  0 

17.  3 

50  33  59.  89 

-  5  18.02 

+  0.  76 

-0. 08 

59.  38 

6937 

15  486 

19. 1 

20.  7 

36  28  19.  01 

6970 

25.  416 

21. 1 

Is.  8 

61  41  56.  99 

-  5  08.  46 

+  0.16 

-0.  09 

59.  61 

7024 

17.  273 

19.0 

21.4 

61  51  33.  99 

7073 

23  23 H 

21  2 

19.  3 

36  02  13.  69 

+  3  05.  29 

-0. 11 

+0.  05 

59.  07 

7100 

10.  540 

21.9 

18.  8 

42  45  55.  67 

7166 

29  568 

18  4 

22.  4 

55  33  46  90 

-  9  51.  07 

-0.20 

-0. 18 

59.  84 

7215 

15.100 

19.2 

21.6 

57  07  47. 52 

7277 

95  83Q 

90  5 

20  7 

40  41  05  60 

+  5  33.  59 

-0.  58 

+  0. 10 

59.  67 

7320 

22.  361 

21.  5 

20.0 

38  09  44.  29 

Gr.  7-Yr.  2395 

17.  655 

19.  7 

21.  8 

59  45  23.  34 

-I-  2  26. 18 

0. 13 

+  0.  04 

59.  90 

7377 

30.  404 

17.  9 

23.8 

59  28  13.  74 

7398 

10.  703 

23. 1 

lb.  5 

38  52  09.24 

-10  11.  97 

—  0.  29 

-0. 18 

59.  05 

7416 

25.  696 

21.2 

20.  4 

62  03  13. 10 

7453 

15.  286 

20.  0 

22.  0 

36  07  33.  06 

-  5  23.  37 

-0.  27 

-0. 10 

59.  34 

7480 

19.  024 

21.3 

20  5 

45  59  15.  29 

7489 

22.  166 

19.  9 

21.  8 

52  03  58.  56 

—  1  37.  60 

—  0.  25 

—  0.  02 

59.  05 

7566 

12.  955 

20.  4 

20.  6 

37  42  34.  82 

7595 

27.  510 

20.  0 

20.  9 

60  32  28.  25 

—  7  32. 12 

-0.  25 

-0.  13 

59.  03 

7627 

22.  497 

19.9 

20.6 

25  20  07.  69 

7686 

17.  692 

19.5 

20.4 

72  34  52.  44 

+  2  29.  26 

-0.  36 

+  6.  05 

. 

59.01 

7755 

17.  332 

19.6 

20.0 

58  47  40.  70 

7765 

23.  857 

19.  8 

19.  9 

39  05  32.  42 

+  3  22.  69 

-0.  11 

+  0.  06 

59.20 

7787 

18.  587 

17.  6 

21.  9 

52  01  36.80 

7800 

22.  559 

21.  7 

17.7 

45  54  15.  66 

+  2  03.  48 

-0.  07 

+  0.  03 

. 

59.  67 

7820 

13.  226 

21.  7 

17.6 

48  50  22.  68 

7882 

28.  325 

17.7 

22.0 

49  25  13.  85 

-  7  49.  02 

-0.  04 

-0.  13 

48  50  59. 08 

Mean  latitude  (02  determinations),  48°  59'  59". 31. 
t  =  ±  0"405 
T  =  ±  (>".270 
C0  =  ±  0".051 
=  ±  0".034 
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Observations  for  Latitude. 

[Astronomical  Station  No.  £0— Chief  Mountain  Lake,  759  miles  west  of  remhina.— Observer,  ,T.  F.  Gregory,  Captain  United 
States  Engineers. — Zenith  Telescope,  Wiirdemann  No.  £0. — Chronometer,  Negns  Sidereal  No.'l513. 


B.  A.  C. 

No. 

Headings. 

Declination. 

Corrections. 

La  itude. 

Remarks. 

Mierom. 

Level. 

Merid. 

dist. 

Mierom. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

„ 

n 

0  /  // 

6296 

12.  304 

20.5 

20.5 

79  59  02.  47 

6245 

26.  924 

20.  6 

21.  1 

+  7  34. 14 

-0.  11 

+0.17 

49  00  03.  36 

6268 

14.  936 

19.8 

22.  4 

39  20  31. 12 

6289 

24.  796 

22.  1 

20. 1 

58  43  51.38 

—  5  06.28 

—  0.  13 

—0.  09 

04.  75 

6318 

11.820 

22.1 

20.2 

59  28  05.  84 

6365 

2ft.  126 

19.  0 

24.  0 

38  15  12.36 

+  8  26.  51 

-0.  69 

+0. 15 

6451 

19.966 

21.5 

21.  8 

0  6 

49  17  44.25 

6476 

20.  007 

21.9 

21.5 

48  42  17.  69 

+  0  01.  27 

+0.02 

0.  00 

+0.01 

02. 27 

Rejected. 

6553 

17.  940 

21.8 

22.  2 

32  18  23.  90 

6586 

22.  260 

22.0 

23.0 

65  46  13. 53 

-  2  14.  19 

-0.31 

-0.04 

. 

04.  17 

6024 

22.  989 

20.8 

24.  0 

40  07  54.  02 

6681 

17.  491 

23.  0 

oo  4 

57  46  35.  01 

+  2  50.  78 

-0.  58 

+0.  05 

04.  17 

6728 

16.  777 

21.5 

24.  1 

43  25  39.  43 

6748 

22.  997 

26.  2 

19.  9 

54  40  54.  09 

-  3  13.21 

+0.83 

-0.  05 

04.  33 

6780 

20. 160 

24.1 

21.8 

57  43  09.  58 

6817 

*20. 175 

22.  1 

24.  0 

40  16  57.22 

+  0  00.  47 

+0.  09 

0.  00 

03.  96 

6830 

14.  701 

24.0 

22.  1 

47  36  35.  85 

24.  861 

23.  0 

24.  0 

50  34  02.31 

-  5  15.60 

+0.20 

-0.  08 

03.  CO 

6937 

14.  923 

23.  0 

24.6 

36  28  21. 13 

6970 

24.  804 

26. 1 

21.  3 

61  41  59.  62 

-  5  06.  93 

+0.  71 

-0.  09 

04.06 

7100 

10.  803 

24.0 

23.  9 

0  12 

42  45  58. 17 

7166 

29.  773 

24.0 

25.0 

55  53  49.  60 

-  9  49.27 

-0.  20 

—0.  18 

+0.  02 

04.  25 

6318 

11.713 

19.9 

14.  5 

59  28  06. 12 

27.  979 

13.  1 

21.8 

38  15  12.59 

+  8  25. 27 

-0.  74 

+0.  15 

04.  03 

6421 

20. 178 

16.9 

18.  4 

49  17  44.  53 

6476 

20.  261 

18.7 

16.8 

. 

48  42  18.  00 

+  0  02.  58 

+0.09 

0.  00 

03.  94 

6553 

IS.  278 

17.  9 

17.  8 

32  18  24. 16 

6586 

22.618 

17.8 

18.5 

. 

65  46  13.  92 

-  2  14.81 

-0. 13 

-0. 04 

. 

04.  06 

6624 

23. 153 

15.7 

20.6 

40  07  54. 34 

6681 

17.  724 

21.  0 

16.  0 

57  46  35.42 

+  2  48.  64 

+0.02 

+f .  05 

03.  59 

6728 

17.  027 

15.9 

20.  9 

43  25  39.  81 

674° 

23. 236 

21.  0 

16.  0 

54  40  54.52 

-  3  12.  87 

0.  00 

-0.  05 

04.  24 

6780 

20.  540 

18.0 

19.0 

57  43  10.  03 

6817 

20.  543 

18.0 

19.0 

. 

40. 16  57.  61 

+  0  00.  09 

-0.  45 

o.  oa 

03.  46 

6830 

14.  949 

17.2 

19.9 

47  36  36.  28 

25  124 

19.  9 

17.  2 

50  34  02.  75 

—  5  16.  07 

0.  00 

-0.  08 

03.  37 

6937 

15. 293 

16.9 

20.6 

36  28  21. 53 

25  17ft 

21. 0 

16  3 

61  42  00. 14 

-  5  07.  05 

+0.  22 

-0.  09 

03. 91 

7024 

17.  742 

19.5 

18.0 

61  51  37.23 

7073 

23.  738 

19.0 

18.6 

36  02  16.31 

+  3  06.  25 

+0.  42 

+0.  05 

19  00  03.  49 

1(17 
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UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION 


Observations  for  Latitude. — Station  N~o.  20 — Continued. 


B.  A.  C. 

No. 

Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

Microro. 

Level. 

Merid.. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merit!. 

N. 

S. 

m.  s. 

o  /  // 

/  // 

// 

// 

n 

o  /  // 

7100 

10.  618 

18.6 

19.0 

42  45  58.  61 

7166 

29.  621 

21.  0 

17.  0 

—  9  50.28 

+0. 80 

-0. 18 

49  00  04.72 

August  25. 

7215 

14.  974 

18.  4 

19.8 

57  67  50.  84 

7277 

25  726 

20.  2 

18.  1 

40  41  08.55 

+  5  33.  99 

+0. 16 

+0. 10 

03.  94 

7320 

22.  365 

19.  0 

19.  8 

38  09  47. 18 

Gr.  7-Yr.  2395 

17.  644 

21.  0 

18.  0 

59  45  26.  81 

+  2  26. 65 

+0.  49 

+0. 04 

04. 18 

7377 

30.  478 

19.0 

20.0 

59  28  17. 27 

7398 

10.  797 

20.  5 

18.  6 

38  52  12.22 

—  10  11.35 

+0.20 

-0. 18 

03.41 

7416 

25.  629 

20.0 

19.5 

62  03  16.  73 

7453 

15.  230 

20.  0 

19.  8 

36  07  35.  92 

—  5  23.  02 

+0.16 

-0. 10 

03.  36 

7480 

18.  723 

19.0 

20.9 

45  59  18.  58 

7489 

21.  831 

22.  0 

18.  0 

52  04  02.  00 

-  J  36.54 

+0. 47 

-0.  02 

04.  20 

• 

7560 

12.  939 

20. 1 

19.8 

37  42  37.  83 

7595 

27.  473 

21.  0 

19.  2 

60  32  31.  93 

—  7  31.  47 

+0.47 

-0. 13 

03.  75 

7627 

22.  344 

20.0 

19.8 

25  20  10. 21 

7686 

17.  530 

21.  0 

19.  4 

72  34  56.  30 

-f  2  29.  54 

+0.  40 

+0.  05 

03.  24 

7755 

17. 106 

19.0 

21.7 

58  47  44.  42 

7765 

23.  670 

21.6 

18. 5 

. 

39  05  35.  56 

+  3  23.  90 

+0.  09 

+0.  06 

04.  04 

7787 

18. 562 

20.5 

20.1 

52  01  40. 36 

7860 

22.  519 

20.  7 

19.  8 

45  54  19.06 

+  2  02.  92 

+0. 29 

+0.  03 

02.  95 

7820 

13. 171 

19.8 

20.7 

48  50  26. 18 

7882 

28. 240 

21.  0 

19.7 

49  25  17.  37 

-  7  48.  09 

+0.  09 

-0. 13 

03.  65 

7907 

9.  096 

19.8 

21.0 

74  43  05.  64 

7945 

30.  964 

20.  7 

19.  9 

22  54  23.  20 

+11  19.29 

-0.  09 

+0. 23 

03.  85 

7962 

28.  478 

19.4 

20.9 

41  17  22.  08 

8024 

12. 160 

21.2 

19.  5 

56  25  51.28 

+  8  26.  89 

+0.  04 

+0. 15 

03.  76 

8036 

19. 589 

21.0 

19.8 

49  22  11.  80 

8059 

20.  782 

19.  0 

21.  4 

48  36  44.  09 

+  0  37.  06 

-0.  27 

+0.01 

04.  74 

8083 

16.  072 

19.  6 

21.0 

56  28  29.  75 

8728 

23.  950 

20.  9 

19.  6 

41  23  28.  76 

+  4  04.  71 

—  0.  02 

+0.  07 

04.  01 

8200 

28.  612 

19.6 

21.3 

30  37  59.  35 

8273 

13.  507 

21. 1 

20. 1 

67  06  29. 38 

+  7  49.21 

-0. 16 

+0.15 

03.  57 

8314 

24.  841 

20.  0 

21.4 

73  42  36.  93 

8324 

16.  017 

20.  5 

20.  7 

24  26  40.53 

—  4  34. 10 

-0.  36 

-0.  09 

04. 18 

46 

23.  237 

20.2 

21.  6 

60  50  03.  54 

67 

17. 159 

20.  4 

20.  9 

37  16  23.  66 

—  3  08.  80 

—0.  42 

-0.  05 

04.  33 

120 

10.  671 

19.8 

21.  4 

32  53  20. 57 

175 

30.  557 

21.  0 

21.  0 

65  27  25.  03 

—  10  17.  72 

—0.  36 

-0.  20 

04.  52 

198 

23.  877 

19.0 

22.6 

0  18 

47  35  47.  42 

219 

16. 699 

21.1 

20.2 

50  16  55. 49 

+  3  42.  97 

-0.  60 

+0.  06 

+0.  04 

03.  93 

239 

27.  602 

21.2 

20.0 

60  26  01.  55 

259 

13. 154 

17.  9 

23.5 

37  49  05. 15 

-  7  28.  80 

— 0.  98 

—  0. 13 

03.  44 

Gr.  12- Yr.  73 

16.  274 

19.9 

21.9 

67  06  29.  09 

345 

24.  273 

20. 1 

21.5 

30  45  25.  59 

+  4  08.  47 

-0.  76 

+0.  08 

. 

05.13 

401 

29.  607 

20.8 

21. 1 

28  04  56.  92 

438 

1 1.  965 

20. 1 

22.  0 

69  36  56.35 

+  9  08.  01 

-0.  49 

+0. 17 

04.  33 

474 

13.895 

19.9 

22.0 

48  04  48. 34 

487 

19.  097 

20.  0 

21.9 

47  59  26.  49 

-  1  16.54 

-0.  62 

-0.  02 

04.  32 

522 

21.561 

20.  9 

21.8 

. 

50  03  16. 51 

" 

560 

28.  254 

21.0 

21.  9 

50  10  12.38 

-  7  26.  03 

-0. 67 

-0. 13 

49  00  03. 53 
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Observations  for  Latitude. — Station  No.  20 — Continued. 


Readings. 

Declination. 

Corrections. 

Latitude. 

Remarks. 

B.  A.  C. 

No. 

Mie.rom. 

Level. 

i 

Merid. 

dist. 

Microm. 

Level. 

Refrac. 

Red.  to 
merid. 

N. 

s. 

m.  s. 

o  /  If 

/  // 

// 

// 

// 

O  /  II 

Oil 

25.  068 

26.9 

15.8 

03  46  50.  37 

C5C 

15.  790 

14. 1 

28.  0 

54  23  34.  48 

—  5  C6.  84 

-0.  62 

0.  09 

49  00  04.  87 

August  25. 

744 

22.  301 

20.0 

23.0 

00  50  03.  04 

752 

18.  3(10 

22.  0 

20.  5 

31  14  14.07 

—  2  04.28 

-0.  32 

-0.  04 

03.  91 

825 

8.  840 

19.2 

23.4 

19  28  37.  66 

890 

31.  493 

23.  1 

19.7 

78  54  58. 00 

-11  43.07 

-0. 18 

-0.  20 

49  00  03.  72 

Mean  latitude  (4G  determinations),  4i°  CO"  04".00. 

t  =  0".503 
t  =  0".335 
£0  =  0".073 
r„  =  0".049 


18  7  2 


UNITED  STATES  NORTHERN  BOUNDARY. 

September  12. 


Station,  Camp  Ho.  1,  near  Pembina,  Dak. 


Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope 
Wurdemann  No.  7,  by  the  eastern  elongation  of  Polaris,  Chronometer  Negus  1514, 
sidereal. 

[Observer,  W.  J.  Twining,  Captain  United  States  Engineers.] 


log  cot  S  =  8.379G7CG 
log  1  ang  </)  =  0.0608220 
log  COS  f0  =  8.4404926 

f0  =  88°  25'  11". 8 
f0  in  time  =  51  53m  40s.8 
Cliro.  A.  It.  =  lh  12m  37s. 5 
Chro.  time  of  elong.  =  19h  18m  5CS.7 


A.  B.  of  Polaris,  l1  12m41s.5 
<5  of  Polaris,  88°  37'  36". 7 
Assumed  <#>,  48°  59'  56". 5 


sin  (2  —  Zo)  =  cos  <5  sin  (T  —  T0 ) 


lug  cosec  6  =  0.0001248 
log  sin  0  =  9.8777735 
log  ccs  z0  =  9  8778983 

za  =  40°  58'  55". 2 


Note. — Tbo  notation  and  method  adopted  in  this  computation  are  derived  from  the  article  on  the  Zenith  Telescope,  pago  3G0,- 
Vol.  II,  Chauvenot’s  Spherical  and  Practical  Astronomy. 


CO 

to 

.2 

Level. 

Vi 

pH 

Number. 

a i 

P-4 

2 

o 

i-i 

o 

i 

N. 

s. 

T 

T-T0 

z-z0 

o 

u 

t- 

o 

O 

1 

-10.0 

34.8 

30.7 

h.  m.  s. 

18  48  19.  0 

m.  s. 
-30  37.7 

i  n 

-10  59.  GO 

/  n 

-10  59.  69 

2 

9.5 

35.7 

29.8 

50  11.8 

28  41.9 

10  18.  39 

10  18.41 

3 

9. 

35.  8 

29.9 

52  04.  3 

26  52.  4 

9  38.  20 

9  38.30 

4 

8.5 

35.  8 

30. 1 

53  52.  5 

£5  04.2 

8  59.  61 

9  59.  G7 

5 

8. 

3G.5 

29.  7 

55  42.  0 

23  14.7 

8  20.  47 

8  £0.  55 

6 

7.5 

35.  5 

31.  0 

18.57  31.8 

21  24.  9 

7  41. 19 

7  41.29 

7 

6. 

35.  9 

31.  7 

L9  03  01.0 

15  55.  7 

5  43.  25 

5  43.41 

8 

5.5 

35.9 

31.8 

4  48.5 

14  08.2 

5  05.  27 

5  05.  45 

9 

5. 

36.  6 

31.3 

6  42.2 

12  14.  5 

4  23.  89 

4  24.  09 

10 

4.5 

36.6 

31.  4 

8  28.7 

'  10  28.  0 

3  45.  66 

3  45.  88 

11 

4.  0 

36.6 

31.  4 

10  15.3 

8  41.4 

3  07.  42 

3  07.66 

12 

3.5 

36.4 

32.0 

12  09.  5 

6  47.2 

2  26.  35 

2  26.  61 

13 

3. 

36.6 

31.  9 

13  56.  8 

7  59.  9 

1  47.  79 

1  48.  07 

14 

2.5 

36.6 

31.  9 

15  46.  5 

3  10.2 

1  08.  37 

1  08.67 

15 

2. 

36.  7 

31.  7 

17  34.  7 

-  1  22.0 

—  0  29.  48 

-  0  29.  70 

in 

1.  5 

36.8 

31.9 

19  27.  0 

+  0  30.  3 

+  0  10.  89 

+  0  in.  55 

17 

i. 

36.  8 

31.9 

21  16.  0 

2  19.  3 

.  0  50. 71 

0  53.  33 

18 

-  0.5 

36.  8 

31.9 

23  05.  2 

4  08.5 

1  29.31 

1  28.94 

19 

0.  0 

37. 1 

31.6 

24  53. 0 

5  56.3 

2  08.  04 

2  07.  64 

20 

+  0.5 

37.  0 

31.9 

26  46.  0 

7  49.  3 

2  48.  66 

2  48.  25 

21 

1.0 

36.3 

31.5 

28  35.  2 

9  38.5 

3  27.  88 

3  27. 45 

22 

1.5 

36.2 

31.7 

30  26.  0 

11  29.  3 

4  07.  66 

4  07.21 

23 

2.0 

37.3 

31.  8 

3  >  10.  5 

13  13.  8 

4  45.  IS 

4  44.  71 

24 

2.5 

37.  3 

31.8 

34  02.  8 

15  06.  1 

5  25.  50 

5  23.  01 

25 

3.  0 

37.3 

31.9 

35  51.  5 

16  54.  8 

6  01.  44 

6  03.  93 

25 

3.  5 

37.  3 

32.0 

37  41.8 

18  45. 1 

6  43.  79 

6  43.  26 

27 

4.  0 

37.3 

32.1 

39  31.8 

20  35.  1 

7  23.  36 

7  22.81 

28 

4.5 

37.3 

32.  1 

41  17.5 

22  20.  8 

8  01.  19 

8  03.  62 

29 

5. 

37.  5 

31.8 

43  08.  5 

24  11.8 

8  40.  88 

8  40.  29 

30 

5.5 

37.3 

32.  3 

45  02.  0 

2G  05.  3 

9  20.  15 

9  19.  59 

31 

0.0 

37.5 

32.  5 

46  54.0 

27  57.  3 

10  01.  42 

10  00.  79 

32 

6.5 

37.  1 

33.0 

48  44.2 

29  47.  5 

10  40.  71 

10  40.  06 

33 

7. 

37.  5 

33.2 

50  33.  5 

31  36.9 

It  19.69 

11  19.02 

34 

7.5 

37.  5 

32.  5 

52  25.  6 

33  28.  9 

11  59.  54 

11  58.85 

35 

8.0 

37.7 

32.  7 

54  17.  0 

35  20.  3 

12  39. 13 

12  38.  42 

3G 

8.5 

37.  7 

32.  8 

56  08.  0 

37  11.3 

13  18.64 

13  17.91 

37 

9.  0 

37.  7 

32.  9 

57  59.  5 

39  02.  8 

13  58.  06 

13  57.31 

38 

9.5 

37.  7 

33.  0 

19  59  52.  0 

40  55.  3 

14  36.36 

14  35.59 

39 

10.  0 

M.  0 

33.  5 

20  01  39.  5 

42  42.  8 

15  15.88 

13  15.09 

40 

+10.5 

37.  0 

33.5 

20  03  35.  0 

+44  38.  3 

+15  56.  65 

+15  55.  84 

Combined  with 
number — 

Diff.  of  level. 

Equiv.  inmicrom. 

Diff.  of  turns. 

Z-  Z‘ 

Valuo  of  1  rev. 

V 

n 

II 

21 

+  .35 

+  . 0040 

11.  004 

867.  05 

78.  794 

.  119 

22 

_  .70 

-  .0080 

10.  992 

865.  62 

.750 

.  075 

23 

-  .20 

-  .0023 

10.  998 

863.  01 

.472 

.243 

24 

-  .  10 

-  .0011 

10.  999 

864.  6S 

.615 

.060 

25 

-  .70 

-  .0080 

10.  992 

864.  44 

.646 

.029 

26 

+  .40 

-  .0046 

11.005 

864.  55 

.  563 

.112 

27 

+  .50 

b  .  0057 

10.  006 

786.  22 

.570 

.  105 

28 

+  .55 

b  .  0063 

10.  006 

786.  07 

.  557 

.118 

29 

+  .20 

-  .  0023 

10.  002 

784.  38 

.420 

.255 

30 

-  .  10 

-  .0011 

9. 999 

785.  42 

.551 

.  124 

31 

-  .  10 

-  .0011 

9.  999 

7S8.  45 

.854 

.  179 

32 

-  .  15 

-  .0017 

9. 998 

786.  67 

.  G80 

.  C05 

33 

-  .20 

-  .0023 

9.  998 

7  87.  00 

.727 

.  052 

34 

-  .  15 

-  .0017 

9.  998 

787.  52 

.  764 

.089 

35 

.00 

.0000 

10.  000 

788. 12 

.  812 

.  137 

36 

.00 

.0000 

10.  060 

787.  36 

.736 

.  061 

37 

-  .05 

-  .0006 

9.  999 

786.  96 

.701 

.026 

38 

-  .  10 

-  .0010 

9.  999 

786.  65 

.673 

.  002 

39 

-  .  70 

-  .0010 

9.  992 

787.  45 

.808 

.  133 

40 

-  .50 

-  .0057 

9.  994 

787.  59 

78.  803 

.  128 

Mean  value  of  1  turn  Z.  T.  microni.,  78".G75  ±  .018 


6  =  0".121 
t  =  0".081 

e0  =  0".027 
r0  =  0".018 

Z  —  Z‘  =  cliflf.  of  zenith  distances. 

Z  —  zenith  distance  at  elongation. 
T  —  T0  =  cliff,  of  time  from  elongation. 
Tn  =  Chro.  time  of  elongation. 
dr  =  differential  refraction. 
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UNITED  STATES  NORTHERN  BOUNDARY. 

September  21. 


Station,  Camp  No.  1,  neak  Pembina,  Dak. 


Observations  to  determine  the  value  of  one  division  of  the  level  of  Zenith  Telescope  Wiirde- 
matin  No.  7,  in  terms  of  the  micrometer.  Marie,  cross-hairs  of  Zenith  Telescope  No.  11 . 


[Observer,  W.  J.  Twining,  Captain  United  States  Engineers.] 


No. 

aT 

fai:  . 

o  a 
£  .2 

C3 

.  ° 
p  Pi 

2  ^ 

.2'-S 

a 

Means. 

to  . 

bfi  j 

a  o 

rp  '+-* 

"M2 

"a 

f  1 

3 10 

Means. 

Levsl,  first 
position. 

Level,  second 
position. 

Mean  change  of 

level. 

Mean  change  of 

micron] . 

ld  of  level  in  divis¬ 

ions  of  microm. 

V 

V  V 

N. 

S. 

N. 

S. 

1 

23.  582 

24.071 

10. '0 

64.  8 

54.5 

20.2 

.583 

.057 

10.2 

64.7 

54.4 

20.2 

.587 

23.  584 

.066 

24.  065 

10.2 

64.9 

54.0 

20.4 

44.3 

48. 1 

1. C8D8 

.  0373 

.  003306 

o 

24.  055 

24.  592 

16.  4 

58.2 

60.2 

14.3 

.  075 

.  578 

15.9 

58.8 

60.  0 

14.5 

.077 

24.  069 

.571 

24.  580 

16.2 

58.3 

60.0 

14.3 

44.0 

51.1 

1. 1591 

.  0158 

.  0C0230 

3 

24.571 

24.  982 

18. 1 

56.0 

54.0 

20.2 

.  575 

.  993 

18.3 

55.  8 

54.0 

20.2 

.587 

24.  578 

.987 

24.  987 

18.3 

55.9 

53.8 

20.2 

35.6 

40.9 

1. 1489 

.0056 

.  000031 

4 

24.  987 

25.  414 

17.9 

56.3 

54.7 

19.3 

.  996 

.413 

18.2 

56.0 

55.3 

18.4 

.996 

24.  933 

.  412 

25.  413 

18.2 

55.8 

54.7 

19.2 

37.0 

42.  0 

1. 1351 

.00  2 

.  000067 

5 

24.  995 

25. 392 

18.8 

55.  0 

54.0 

19.2 

.  993 

.406 

18.3 

55.  3 

53.9 

19.7 

.889 

24.  992 

.395 

25. 398 

18.3 

55.2 

54.0 

19.5 

35.5 

40.  C 

1. 1437 

.  0004 

.  cooooo 

G 

25. 392 

25. 857 

16.0 

57.1 

54.  5 

18.3 

.  405 

.  8G6 

16. 1 

57.2 

54.4 

18.  6 

.400 

25. 399 

.  8C7 

25. 863 

16.0 

57.2 

54.5 

18.2 

38.6 

46.  4 

1.2002 

.  05G9 

.  003237 

7 

25.  848 

26.  275 

16.2 

56.3 

53.3 

19.0 

.863 

.269 

16.2 

56.2 

53.2 

19.  1 

.852 

25.  858 

.278 

26.  274 

16.1 

56.8 

53.3 

18.8 

37.3 

41.  6 

1.1153 

.0280 

.  000784 

8 

17.  034 

17.  400 

20.5 

51. 2 

52.8 

18.3 

.  039 

.400 

20.  6 

50.  9 

52.4 

18.6 

.038 

17.  037 

.398 

17.  399 

20.6 

50.5 

52.3 

18.6 

32.1 

36.2 

1. 1277 

.0156 

.  0C0243 

9 

17.  402 

17.  765 

18.3 

52.2 

49.3 

21.0 

.  393 

.  773 

18.  7 

52.  0 

49.  3 

21. 1 

.  398 

17. 398 

.766 

17.  768 

18.3 

52. 1 

49.3 

21.0 

30.9 

37.0 

1.1974 

.0511 

.  002927 

10 

17.  761 

18.  ICO 

19.  2 

50.9 

49.7 

20.2 

.  709 

.  130 

19.2 

50.  8 

51.2 

18.6 

.  Tr2 

17.  767 

.134 

18. 121 

19. 1 

50.7 

51.4 

18.6 

31.6 

35.4 

1.  1231 

.  0230 

.  000323 

*11 

18.  222 

18.  532 

21.0 

49.0 

50.2 

19.7 

.233 

.  541 

21.  0 

49.0 

50.0 

19.8 

.243 

18.  232 

.528 

18. 534 

21.0 

49. 1 

49.9 

20.  1 

29.0 

30.2 

1.  0414* 

Mean  of  E  level  =  E.  1433  ±  .0076 


£  =  O'1. 0356 
t  =  O'1  0.'40 
e0  =  04.0113 
t„  =  0'‘.0076 


Rejected, 


E  Z.  T.  Micro.  =  0".78675 


E  Z.  T.  Level  =  C".8C05 
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UNITED  STATES  NORTHERN  BOUNDARY. 

June  15. 

Station,  Camp  No.  2,  20  miles  west  op  Fembina. 

Observations  to  determine  the  value  of  one  division  of  the  level  of  Zenith  Telescope  Wiirdc- 
mann  No.  20,  in  terms  of  the  micrometer.  Marie ,  cross-hairs  of  Transit  Telescope 
No.  4. 

[Observer,  Lewis  Boss.] 


No. 

Microm.  readings, 
first  position. 

Means. 

Microm.  readings, 
second  position. 

Means. 

Level,  first 
position. 

Level,  second 
position. 

Mean  change  of 

level. 

Mean  change  of 

microm. 

co  . 

S  a 

o 

c-> 

a  .2 

i.a 

©  o 

r 

t*H  p 

O  o 

V 

V  V 

N. 

S. 

N. 

S. 

1 

21.039 

21.  542 

13.0 

45.  3 

48.5 

10.2 

.029 

.539 

13.6 

45.  0 

49.3 

09.0 

.  010 

21.  036 

.546 

21.  542 

14.0 

44.5 

49.4 

08.6 

35.6 

50.6 

1.421 

.  019 

.  000361 

O 

21.  543 

22. 131 

08.0 

50.1 

51.2 

06.5 

.530 

.134 

08.2 

49.8 

52.0 

05.8 

.540 

21. 538 

.128 

22.131 

08.4 

49.2 

52. 1 

05.4 

43.7 

59.3 

1.357 

.083 

.  006889 

3 

27.  095 

27.  642 

07.3 

50.  4 

45.  0 

12.1 

.005 

.  t)58 

07.8 

49.5 

44.  8 

12.4 

.102 

27.  097 

.650 

27. 650 

07.6 

49.6 

44.2 

12.7 

37.25 

55.3 

1.485 

.045 

. 002025 

<1 

26.  761 

27.  389 

05.2 

51.8 

49.2 

07.  1 

.748 

.  388 

05.0 

51.  9 

49.  1 

07.  1 

.746 

26.  752 

.383 

27.  387 

05.1 

51.9 

49.2 

07.0 

44.45 

63.5 

1.  429 

.011 

. 000121 

5 

14.  829 

20.  383 

07.  4 

48.0 

44.4 

10.9 

.820 

.392 

07.0 

48.5 

44.  0 

11.3 

.  826 

19.  825 

.384 

20.  386 

06.3 

49.2 

43.4 

12.0 

37  1 

56. 1 

1.512 

.072 

. 005184 

6 

20.  368 

20.  886 

07.3 

48.1 

45.0 

10.2 

.  350 

.883 

06. 0 

49.  4 

44.6 

10.8 

.  364 

20.  361 

.898 

20. 839 

05.5 

49.6 

43.8 

11.  3 

38.2 

52.8 

1.382 

.058 

.  003364 

7 

10.  856 

21.  442 

05.7 

49.3 

4^.  0 

07.  0 

.852 

.  437 

05.  0 

50.  1 

48.3 

C6.6 

.849 

20. 852 

.437 

21.  445 

05. 1 

50.2 

48.0 

06.  9 

42.  95 

59.3 

1.383 

.057 

.  003249 

8 

21.  436 

21. 989 

10.  0 

45.0 

4«.3 

06.4 

.438 

.  993 

09.5 

45.  4 

48.3 

06.  5 

.440 

21.  438 

.  976 

21.986 

09.0 

46.0 

48.  1 

06.  7 

38.85 

54.8 

1.  411 

.029 

. C00841 

9 

21.  949 

22. 559 

06.2 

48.6 

44.2 

10.1 

.992 

.558 

05.5 

49.  0 

44.2 

10.2 

.985 

21.  992 

.548 

22.  555 

05.3 

49.0 

44.0 

10.6 

38.5 

56.3 

1.462 

.022 

. 000484 

10 

22.  540 

23.  058 

07.  9 

46.4 

42.  0 

11.  4 

.551 

.053 

07.6 

46.7 

42.7 

11.  5 

.552 

22.  548 

.004 

23.  C58 

07.7 

46.7 

42.8 

11.5 

35.1 

51.0 

1.  453 

.013 

.  000169 

11 

14.  536 

13.914 

49.3 

05.0 

06.2 

48.  0 

.523 

.905 

49.3 

05.  1 

06.  3 

48.2 

.538 

14.  532 

.912 

13. 910 

49.2 

05.2 

05.8 

48.5 

43. 15 

62.2 

1.441 

.001 

.  000001 

12 

13.  906 

13.416 

43.  4 

10.5 

10.  4 

43.3 

.904 

.  410 

43.2 

10.  7 

10.  4 

43.3 

.898 

13.  E03 

.413 

13.413 

43.  1 

10.8 

09.8 

44.  0 

32.9 

49.0 

1.  4-9 

.019 

.  002401 

13 

13.411 

12.  833 

48.  1 

05.5 

08.0 

45.  6 

.412 

.824 

48.2 

05.6 

07.  5 

46.2 

.422 

13.415 

.826 

12.  828 

48.  0 

05.7 

07.  4 

46.  3 

40.  45 

58.7 

1.  431 

.011 

. C00121 
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Value  of  level — Continued. 


No. 

to 

fcC 

.2  a 

'zs  .2 

ci  -t-s 
f  "ao 

w  O 

2^ 

si 

a 

Means. 

Microm.  readings, 
second  position. 

Means. 

Level,  first 
position. 

Level,  second 
position. 

Mean  change  of 

level. 

Mean  change  of 

microm. 

ld  of  level  in  divis¬ 

ions  of  microm. 

V 

V  V 

N. 

S. 

N. 

S. 

14 

17. 140 

17.  068 

08.2 

45.3 

44.2 

09.0 

.  151 

.  073 

08.  1 

45.  4 

44.3 

08.9 

.147 

17. 140 

.008 

17.  070 

08.1 

45.7 

44.  4 

08.8 

36.4 

52.4 

1.440 

.000 

. 000000 

15 

24.  820 

25.  305 

07.0 

40.0 

40.0 

12.9 

.827 

.  3  Hi 

07.3 

45.  8 

40.0 

12.8 

.813 

24. 822 

.309 

25.  310 

07. 1 

40.0 

39.9 

13.0 

32.  95 

48.8 

1.481 

.041 

.  001081 

1G 

25.  944 

26.  540 

05.  2 

47.5 

46.5 

00.0 

.938 

.538 

05.  5 

47.2 

40.4 

00.  2 

.949 

25.  944 

.  534 

26.  537 

04.8 

47.  8 

40.0 

06.2 

41.25 

59.3 

1.438 

.002 

. 000004 

Mean  value  of  ld  of  level  in  terms  of  micro.  1.4397. 


s  =  .042 
r  =  .028 

£q  =  .010 

r0  =  .007 

ldof  micro.  =  ''.62055 

ld  of  level  =  ".8936  ±  .0043 


18  7  3. 

UNITED  STATES  NORTHERN  BOUNDARY. 
June  13. 


Station,  Astronomical  Camp  No.  2. 


Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope 
Wurdcmann  No.  20,  at  the  eastern  elongation  of  Polaris ,  Chronometer  Negus  1513, 
sidereal. 

[Obsorver,  TV.  J.  Twining,  Captain  United  States  Engineers.] 


A.  K.  of  Polaris,  l1'  1  lm  45s.  G3 
<5  of  Polaris,  88°  37'  42".  1 
0,  46°  50'  57".  0 


log  cot  <5  = 
log  tang  0  = 
log  cos  t0  = 
t0  in  time 
\  li.  = 
Sid.  time  of  elong.  = 
Cbro.  fast  = 
Chro.  time  of  elong.  = 


8.  379198 
0.  060821 
8.  440022 
5b  5,:m  41s. 2 
l'1  11™  45s. G 
19»  18™  04s.  4 
001’  3™  35s. 4 
lOt  21™  39s.8 


sin  (Z—Zu  1  =  cos  d  sin  T  —  T0 


log  sin  6  =  9.  999875 
log  sin  0  =  9.  877774 
log  cos  Zq  =  9.  877899 

z0  =  40°  58  55". 0 


Number. 

Mierom.  readings. 

Level. 

T. 

7  -To 

z-za 

Combined  with 
number — 

Diff.  of  level. 

B 

o 

*- 

S  § 
a  g 

‘B 

cr1 

Diff.  of  turns. 

Csj 

1 

Value  cf  1  rev. 

V 

i 

N. 

S. 

V  V 

h.  m.  s. 

h.  m.  s. 

n 

// 

// 

1 

25. 

28.8 

32.  8 

18  59  02.  0 

-00  22  37.  8 

+18G.  74 

19 

+0. 10 

-  .0014 

9.  0014 

560.  42 

62.  259 

.184 

33850 

2 

24.5 

28.5 

33.  0 

19  00  32.  5 

21  07.3 

454.  39 

20 

0.  50 

.  0072 

9.  0072 

558.  76 

G2.  035 

40 

1C00 

3 

24. 

28.  7 

32.  8 

1  57.5 

19  42.  3 

423.  50 

21 

0.  05 

.  0007 

9.  0007 

559.  59 

62.  172 

97 

9409 

4 

23.  5 

28.5 

33.0 

3  25.0 

18  11.8 

392.  08 

22 

0.  80 

.0115 

9.0115 

558.  96 

62.  027 

48 

2304 

5 

23. 

28. 1 

33.2 

4  49.5 

10  50.  3 

3C2.43 

23 

0.  90 

.  0130 

9.  0130 

559.  39 

62.  065 

10 

100 

G 

22.5 

23.7 

32.  9 

6  21.  0 

15  18.  8 

329.  06 

24 

0.25 

.  0036 

9.  003G 

559.  09 

62.  096 

21 

441 

7 

22. 

29.  0 

33.0 

7  47.  5 

13  52.  3 

298.  GO 

25 

0.  GG 

.0086 

9.  008G 

558.  39 

61.  981 

91 

8281 

8 

21.  5 

28.7 

33.2 

9  09.5 

12  30.  3 

269.  27 

26 

+0.  25 

.  0050 

9.  0050 

559.  47 

62. 138 

63 

3969 

9 

21. 

29.0 

32.9 

10  37.5 

11  02.3 

237.  71 

27 

-0.  35 

-  .0504 

8.  9950 

559.  63 

62.216 

.141 

19881 

10 

20.5 

29.0 

33.  0 

11  59.0 

09  40.  8 

203.  48 

28 

0.  CO 

+  .  0000 

9.  0000 

561.  03 

62.  337 

.262 

68644 

11 

20. 

28.7 

33.2 

13  33.  0 

08  0G.  8 

174.  75 

29 

+0.G0 

.0086 

9.  008G 

558.  44 

61.  989 

86 

7390 

.12 

19.5 

29.0 

32.  9 

14  57.5 

06  42.  3 

144.  43 

30 

0.  35 

.  0050 

9.  0050 

559.  62 

62. 145 

70 

4900 

13 

19. 

29.0 

33.0 

1G  25.  0 

05  14.  8 

113.  02 

31 

0.  CO 

.0980 

9.  008G 

559. 15 

62.  063 

07 

49 

11 

18.5 

28.  G 

33.  3 

17  51.  5 

03  48.  3 

81.  97 

32 

0.  35 

.  0050 

9.  0050 

557.  95 

61.  900 

.115 

13225 

15 

18. 

28.8 

33.  1 

19  17.0 

02  22.  7 

51.24 

33 

0.  95 

.0137 

9.  0137 

559.  02 

62.  019 

56 

3136 

10 

17.5 

28.8 

33.  0 

20  45.  5 

—00  00  54.3 

+  19.  50 

34 

0.  75 

.0108 

9.0108 

558.  70 

62.  0  3 

72 

5184 

17 

17. 

28.  4 

31.  4 

22  10.  5 

+00  00  30.  7 

-  11.02 

35 

0.  75 

.0108 

9.  0108 

557.  22 

61.839 

.236 

55696 

13 

10.  5 

29.  1 

32.  8 

23  38.  5 

01  58.  7 

42.  62 

30 

4-0.  85 

+  .0122 

9.  0122 

558.  81 

62.  006 

09 

4761 

19 

1G. 

29.  1 

32.  9 

25  05.  0 

03  25.  2 

73.  08 

20 

15.  5 

28.  9 

32.  4 

i.6  30.  5 

04  50.  7 

104.  37 

21 

15. 

29.  0 

33.0 

27  57.  5 

0G  17.  7 

135.  GO 

Mean  G2".075  +  .019 

22 

11.5 

29.  4 

32.3 

29  23.  0 

07  43.  2 

1(59.  28 

23 

14. 

29.3 

32.  G 

30  48. 5 

09  0  '.  7 

ICG.  90 

24 

13.5 

29.5 

33. 2 

32  19.0 

10  39.  2 

229.  43 

Corr.  for  refrac.. 

4-'  0".031 

25 

13. 

29.5 

32.3 

33  43.5 

12  03.  7 

259.  73 

Value  of  one  turn  of  mierom..  62".044 

20 

12.5 

29.  0 

33.  0 

35  08.  5 

13  28.  7 

290.  20 

27 

12. 

28.  G 

33.  2 

3G  37.  0 

14  57.  2 

321.92 

e  —  0".118 

2  i 

11.5 

29.  0 

33.  0 

38  02.  5 

1G  22.  7 

353.  55 

r  —  (koto 

29 

11. 

29.  4 

32.  7 

39  29.  5 

17  49.  7 

383. 69 

efJ  —  0".028 

30 

10.  5 

29.  0 

32.  2 

40  57.  5 

19  17.  7 

415. 19 

t,  —  0"  mo 

31 

10. 

29.  5 

32.3 

42  24.  0 

20  44.  2 

41(1. 13 

32 

9.5 

29.  0 

33.0 

43  47.  5 

22  07.  7 

475.  98 

33 

9. 

29.  8 

32.  2 

45  1G.5 

23  3G.  7 

507.  78 

04 

8.5 

29.  G 

32.  3 

4G  44.  5 

25  04.  7 

539.  20 

35 

8. 

29.  0 

32.0 

48  05.  9 

20  20.  1 

5J8.  24 

3G 

7.5 

30.  0 

32.0 

49  39.  0 

+00  27  59.  2 

-001. -43 
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18  7  3 


UNITED  STATES  NORTHERN  BOUNDARY. 

June  14. 


Station,  Astronomical  Camt>  No.  2. 

Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope 
Wiirdemann  No.  20,  at  the  eastern  elongation  of  Polaris,  Chronometer  Negus  1513, 
sidereal. 

[Observer,  W.  J.  Twining,  Captain  United  States  Engineers.] 


log  cot  <5  =  8.  379209 
log  tang  <t>  =  0.  000824 
log  cos  if,  =  8.  410033 
to 


=  88c 

25' 

17" 

'.8 

=  -  5" 

53m 

41* 

.2 

-  1" 

1  lm 

46* 

.0 

=  19h 

18m 

05* 

.4 

=  C0>‘ 

3™ 

35* 

.0 

=  19» 

21 m 

40* 

.4 

Assumed  latitude,  48°. >9'  57".0 
A.  li.  of  Pclaris,  l'1  It"1  40s.  6 
<5  of  Polaris,  88°  37'  42",0 


sin  (Z  —  Z0)  =  cos  d  sin  (T  —  T0) 


log  sin  S  =  0.  C09125 
log  sin  0  =  9.  877744 
log  cos  =  9.  877899 

Zq  -  40°  58'  55". 0 


05 

bD 

Level. 

+3 

-4-3 

a 

c 

•B 

*  1 

u 

o 

CD 

© 

■p  ^ 

p 

5h 

T 

T  —  Ta 

Z  —  Zq 

Js 

0  5 

3 

Z-Z ' 

rH 

V 

V  V 

N. 

S. 

a  c 

3  £ 

o 

t>  ^ 

o 

© 

a 

5* 

U 

o 

3  0 

sri 

CP 

sri 

Tt 

ft 

s 

O 

3 

w 

3 

t> 

h.  TO.  s. 

m.  s. 

n 

// 

// 

1 

29. 

24.7 

24.  5 

18  48  44.0 

-32  56.  4 

-707.  20 

21 

-  .8 

-.  0115 

9.  9885 

620. 17 

62.  088 

.012 

114 

2 

28.5 

24.3 

29.  7 

50  10.  5 

31  29.  9 

676.  65 

22 

.4 

.0058 

9.  9942 

621.  04 

62. 140 

40 

10  > 

3 

28. 

24.  3 

24.7 

51  45.5 

29  54.  9 

642.  G5 

23 

.35 

.  0050 

9.  9950 

618.  81 

Gl.  912 

.188 

35344 

4 

27.5 

24.4 

24.  G 

53  11.  5 

28  28.  9 

612.  02 

24 

.  4 

.0058 

9.  9942 

617.62 

61. 798 

.302 

91204 

5 

27. 

24.  4 

24.6 

54  33.  5 

27  06.  9 

582.  79 

25 

.  4 

.0058 

9.  9942 

620.  52 

62.  088 

12 

144 

G 

26.5 

24.3 

24.6 

55  59.  0 

25  41.  4 

552.  50 

26 

.  4 

.  0058 

9.  9942 

621.  62 

62. 198 

98 

9601 

7 

20. 

24.3 

24.5 

57  22.  5 

24  17.9 

522.  49 

27 

1.05 

.0151 

'  9.  9849 

622.16 

62.  310 

.210 

44100 

8 

25.  5 

24.3 

24.  5 

58  54.  5 

22  45.9 

489.  63 

28 

1.0 

.0144 

9.  9856 

620.  53 

62. 143 

43 

1849 

9 

25. 

24.0 

25.  0 

19  00  21.  5 

21  18.9 

458.  54 

29 

.6 

.0086 

9.  9914 

621.  56 

G2.  210 

.110 

12100 

10 

24.5 

24.0 

24.  9 

01  50.  5 

19  40.9 

426.  71 

30 

.6 

.0  86 

9.  9914 

620.  05 

62.  058 

42 

1764 

11 

24. 

24.0 

24.8 

03  15.0 

18  25.  4 

356.  48 

31 

.7 

.0101 

9.  9899 

620.  13 

62.  076 

24 

576 

12 

23.  5 

24.0 

25.  0 

04  46.5 

16  53.9 

363.  72 

32 

.  65 

.0094 

9.  9906 

617.  32 

Cl.  790 

.  310 

96100 

13 

23. 

23.7 

25. 2 

06  09.  5 

15  30.  9 

335.  42 

33 

.35 

.  0050 

9.  9950 

621. 11 

62.142 

42 

1764 

14 

22.5 

24.0 

24.9 

07  34.  5 

14  05.9 

303.  54 

34 

.65 

.0094 

9. 9906 

6:  2.  74 

62. 333 

.  233 

54289 

15 

22.  0 

24.0 

25.0 

09  04.  0 

12  36.  4 

271.  45 

35 

.45 

.  0065 

9.  9935 

621. 27 

62. 167 

67 

4489 

1G 

21.5 

23. 8 

25.0 

10  20.  0 

11  14.4 

242.  05 

36 

.30 

.  0043 

9.  9957 

621.  77 

62.  201 

.  104 

10810 

17 

21.0 

23.7 

25.0 

11  55.5 

9  44.9 

£09.  95 

37 

.30 

.  0043 

9.  9957 

619.  56 

61.983 

.  117 

13689 

18 

20.  5 

23.5 

25.0 

13  21.0 

8  19.4 

179.  27 

38 

.15 

.  0022 

0.  9078 

621.  07 

62. 121 

21 

411 

19 

20. 

23.5 

25.0 

14  47.  5 

6  52.  9 

148.  23 

39 

.  10 

.0014 

9. 9986 

620.  78 

62.  087 

13 

169 

20 

19.5 

23.  5 

24.9 

1G  14.  0 

5  26.  4 

117.19 

40 

-.10 

-.  0014 

9.  9986 

621.  36 

62. 145 

45 

2025 

21 

19. 

23.4 

24.8 

17  38.  0 

4  02.4 

2  34.9 

87.  03 
55.61 

22 

18.  5 

23.  6 

24.  8 

19  05.  5 

23 

18. 

23.5 

24.6 

20  34.  0 

-  1  06.4 

-  23.84 

Mean  62" 

100  *  .  021 

24 

17.5 

23.5 

24.  5 

21  56.  0 

+  0  15.  6 

+  5.  CO 

25 

17. 

23.5 

24.5 

23  25.  5 

1  45. 1 

37.  73 

Mean.  62' 

.  0997 

26 

1G.  5 

23.  4 

24.5 

24  53.  5 

3  13. 1 

69.  32 

.0314 

27 

16. 

22.8 

25.  1 

26  18.0 

4  37.6 

99.  67 

Value  of  one  turn.  62".  0C8 

28 

15.5 

22.9 

25. 1 

27  45. 0 

6  01.  6 

130.  90 

29 

15. 

22.8 

25.0 

29  14.  5 

7  34.1 

163.  02 

0. 142 

30 

14.5 

22.9 

25.  0 

30  39.  0 

8  58.6 

193.  34 

0.  004 

31 

14. 

22.9 

25. 1 

32  03.  5 

10  23.  1 

223.  G5 

0.  032 

32 

13.  5 

22.  8 

25.1 

33  27.  0 

11  46.6 

2~3.  GO 

0.021 

33 

13. 

22.  9 

25.1 

34  56.  5 

13  16.1 

285.  69 

34 

12.5 

22.8 

25.  0 

36  30.  0 

14  49.  6 

319.20 

Mann  l>v  weight  of 

the  two  series- 

-first  taken  June  13, 

35 

3G 

12. 

11.5 

23.0 
23.  0 

24.  9 
24.8 

37  55.  5 
39  19.0 

10  15. 1 
17  38.  6 

319.  82 
379. 72 

second,  June  14.  Adopted  value  of  one  turn  0*2' 

055  4 

.014. 

37 

11. 

23.0 

24.9 

40  42.  5 

19  02. 1 

409.  61 

38 

10.5 

23.  0 

24.8 

42  12.  5 

20  32. 1 

441.  80 

39 

10. 

23.0 

24.7 

43  38.  5 

21  58.  1 

472. 55 

40 

9.5 

23.  0 

24.  G 

19  45  07.  0 

+23  26.  C 

+504. 17 
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UNITED  STATES  NORTHERN  BOUNDARY. 

June  13. 

Station,  Camp  No.  3. 

Observations  for  valve  of  one  division  of  level  of  Zenith  Telescope  No.  11,  Wurdemann,  in 

terms  of  the  micrometer. 


[Observer,  Lieut.  J.  IT.  Gregory.] 


c3 

Leadings. 

Differences. 

07  . 

o  a 

Micrometer. 

Level. 

1  d. 

V 

vv 

t4_,  .rH 

Microm. 

Level. 

6 

Successive. 

Means. 

N. 

S. 

t.  cl. 

0  99.  4 
99.5 
98.2 

1  81.5 

0  99.  03 

06.3 

10.1 

83.  5 

i 

1  80.0 

1  81.7 

18.0 

58.3 

82.7 

48. 25 

1.  714 

+  .  045 

.  0020 

1  81.3 
82.9 
78.2 

2  51.  9 

1  80.8 

02.0 

14.5 

53.7 

o 

50.9 

2  52.2 

18.0 

58.4 

71.  4 

43. 95 

1.  625 

-  .044 

.0019 

2  53. 1 
52.5 
50.  4 

3  29.  2 

2  52.0 

06.9 

10.0 

28.2 

3 

27.5 

3  28.3 

19.0 

57.7 

76.3 

47.80 

1.  596 

-  .073 

.0053 

3  27.0 
28.2 
31.2 

3  98.7 

3  28.8 

65.1 

12.0 

99.4 

•1 

4  02.5 

4  00.2 

19.0 

58.3 

71.4 

46. 20 

1.545 

-  .  124 

.  0154 

3  99.1 

4  01.9 

3  99.  3 

4  83. 1 

4  00.1 

68.0 

09.6 

80.8 

5 

81.2 

4  81.7 

19.0 

58.5 

81.6 

48. 95 

1.  667 

-  .002 

.0000 

4  82.2 

80.5 

81.6 

5  56.2 

4  81.4 

62.0 

15.7 

58.6 

G 

56.1 

5  57.0 

17.  7 

GO.  0 

75.6 

44.  30 

1.707 

+  .038 

.0014 

5  58.2 
58.6 
55.5 

6  39.  3 

5  57.4 

64.0 

13.9 

38.3 

7 

37.7 

6  38.4 

19.0 

58.6 

81.0 

44.  85 

1.  806 

+  .  137 

.0188 

6  38.0 
33.8 
38.  7 

7  07.7 

6  30.8 

64.0 

14. 1 

09.  0 

8 

08.1 

7  08.3 

20.3 

57.7 

71.5 

43.  65 

1.  638 

-  .031 

.0010 

17C 


No.  of  observa¬ 
tions. 
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Observations  for  value  of  one  division  of  level ,  &e. — Continued. 


9 


10 


ii 


12 


13 


14 


15 


1G 


17 


18 


Readings. 

Differences. 

Micrometer. 

Level. 

1  d 

V 

vv 

Microrn. 

Level. 

Successive. 

Means. 

N. 

S. 

e.  d. 

7  07.5 
07.  5 
00.8 

7  85.  3 

7  07.3 

64.0 

14.  0 

88.0 

88.2 

7  87.2 

17.  7 

60.3 

79.9 

46.3 

1.  726 

+  .057 

.0032 

7  86.3 

87.9 

86.  9 

7  87.0 

63.0 

15.0 

8  52.3 

52.4 

51.9 

8  52.2 

24.5 

54.8 

65.2 

39.15 

1.  £65 

-0. 004 

.0000 

8  53.7 
54.0 
51.  8 

9  26.  8 

8  53.2 

65.8 

12.  7 

29.0 

27.1 

9  27.6 

21.0 

57.3 

74.4 

44.  70 

1.  664 

-  .005 

.0000 

9  28.2 

28.9 

28.0 

10  07.  0 

9  28.4 

64. 1 

14.  2 

09.0 

07.5 

10  07.  8 

19.7 

58.5 

79.4 

41.  35 

1.  790 

+  .  121 

.0146 

10  03. 2 

06. 1 

10.2 

10  03. 2 

63.0 

15.  4 

10  81.  3 

80.4 

83.  0 

10  81.  6 

19.9 

58.5 

73.  4 

43.10 

1.  703 

+  .034 

.0012 

10  82.  7 

80.0 

80.7 

10  81. 1 

06.2 

12.  1 

11  62.2 

59.8 

60.0 

11  60.7 

19.7 

58.6 

79.6 

46.  50 

1.712 

+  .043 

.0018 

11  60.0 

60.9 

68.9 

11  63.3 

65.0 

13.4 

12  37.  2 

35.3 

36.2 

12  36. 2 

19.7 

58.7 

72.9 

45.  30 

1.609 

-  .060 

.0036 

12  37.  4 
36.8 
36.8 

13  16.8 

12  37.  0 

66.0 

12.0 

16.8 

20.8 

13  18. 1 

19.5 

59.5 

81. 1 

46.  50 

1.744 

+  .075 

.0056 

13  17.  6 

17.  4 

17.2 

13  17.  4 

63.  0 

15.0 

13  98.  8 

14  01.5 

13  99. 9 

14  00. 1 

17.0 

60.9 

82.7 

45.95 

1.  800 

+  .  131 

.0172 

14  03.  4 

01.2 

02.5 

14  02.  4 

60.0 

18.0 

14  76.2 

74.9 

76.7 

14  75.9 

19.2 

58.7 

73.5 

40.  75 

1.804 

-  .  135 

.  0182 

12 
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Observations  for  value  of  one  division  of  level ,  &c. — Continued. 


& 

> 

u 

Headings. 

Differences. 

00  . 

,o  ® 

O  p 
o 

Micrometer. 

Level. 

Microm. 

Level. 

1  d. 

V 

V  V 

o 

Successive. 

Means. 

N. 

S. 

19 

f.  d. 

14  74.5 
76.0 

74.9 

15  48. 2 

47.9 
46.0 

14  75. 1 

15  47.  4 

63.2 

22.2 

10.0 

55.7 

72.3 

45.85 

1.577 

-  .092 

.0085 

20 

15  47.  0 

47.8 
47.5 

16  18.7 
17.0 

19.9 

15  47.  4 

16  18.7 

63.0 

20.5 

15.2 

57.6 

71.3 

42.05 

1.  680 

+  .011 

.0001 

21 

16  03.  0 
00.7 
02.2 
69.5 

16  68.  3 
09.4 

16  02.  0 

16  19. 1 

58.6 

19.6 

19.7 

58.5 

67.1 

38.  90 

1.  728 

+  .059 

'  . 0015 

22 

16  71.9 
69.0 
67.8 

17  37.  3 

37.  9 
36.0 

16  69.  0 

17  37. 1 

65.0 

22.7 

13.  1 

55.3 

67.3 

43.  25 

1.  593 

-  .076 

.0058 

23 

17  36.  7 
36.5 
37.0 

18  11.  5 
10.4 
12.0 

17  36.  7 

18  11.3 

66.3 

21.3 

11.7 

56.5 

74.6 

44.  90 

1.  661 

-  .008 

.0001 

24 

18  11.  3 
14.0 
11.0 

18  87.9 
86.2 
91.0 

18  12. 1 

18  88.  4 

64.0 

19.5 

14.  0 

58.5 

76.3 

44.50 

1.715 

+  .046 

.0021 

25 

18  91. 5 
90.0 

91.1 

19  57. 2 

56.2 
55.0 

18  90.  9 

19  56. 1 

63.0 

23.5 

15.4 

55.8 

65.2 

40.  45 

1.  612 

-  .057 

.0032 

26 

19  57. 1 
54.3 
55.8 

20  33.  9 
33.2 
30.0 

19  55.  7 

20  32.  4 

65.0 

19.8 

13.5 

58.5 

76.7 

45.10 

1.701 

+  .  032 

.0010 

27 

20  33. 0 
35.6 
34.  6 

21  04.  4 
03.7 
03.0 

20  34.  4 

21  03.7 

62.8 

20.0 

15.7 

58.2 

69.3 

42.65 

1. 625 

-  .044 

.0019 

28 

21  04.  8 
02.9 
04.2 
21  82.2 
80.3 
82.5 

21  04.  0 

21  81.7 

68.5 

20.0 

10.0 

58.5 

77.7 

48.50 

1.602 

-  .  0G7 

.0045 

I  No.  of  observa¬ 
tion  s. 
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Observations  for  value  of  one  division  of  level,  &c. — Continued. 


Headings. 

Differences. 

Micrometer. 

Level. 

1  d. 

Microm. 

Level. 

Successive. 

Moans. 

N. 

S. 

t.  d. 

21  80.  0 

85.0 

82.0 

21  82.  5 

63.0 

15.8 

22  62.4 

CO.  9 

63.2 

22  62.  2 

20.0 

58.5 

79.7 

42.85 

1.  860 

22  60.  0 

62.6 

CO.  8 

22  61. 1 

68. 1 

10.7 

23  33.  5 

34.  3 

33.  G 

23  33.  8 

22.2 

56.2 

72.7 

45.70 

1.591 

23  32.  4 

34.  3 

34.5 

23  33.  7 

64.0 

14.9 

24  10.  7 

12.5 

10.0 

24  11.1 

20.2 

58.5 

77.4 

43.  70 

1.770 

24  11.8 

10.0 

07.5 

24  87.  8 

24  09.  8 

65.9 

13.3 

86.8 

87.8 

24  87.  5 

20.2 

58.6 

77.7 

45.50 

1.  708 

24  87.  8 

88.9 

90.0 

24  88.  9 

62.0 

17.0 

25  58. 2 

58.8 

60.0 

25  59.  0 

20.5 

57.8 

70.1 

41.15 

1.  703 

25  59.  6 

CO.  2 

60.5 

26  21.2 

25  60. 1 

62.0 

17.3 

20.8 

19.7 

26  20.  6 

24.2 

55.0 

CO.  5 

37.  75 

1.603 

26  21.  0 
23.0 
18.0 

20  88. 7 

26  20. 7 

0C.  3 

13.2 

89.9 

89.2 

26  89.3 

23.2 

56.0 

68.6 

42.  95 

1.  597 

26  87.  9 

87.9 

88.5 

26  88. 1 

62.0 

17.7 

27  48.2 

47.  4 

4C.7 

27  47.  4 

24.3 

55. 1 

59.3 

37.  55 

1. 571 

27  47.2 

46.0 

47.  0 

27  46.  7 

65.5 

14.2 

28  13.  2 

13.5 

14.9 

28  13. 9 

24.1 

55.7 

67.2 

41.  45 

1.  621 

23  12. 1 

12.7 

14.5 
28  74.  9 

28  13. 1 

63.0 

1G.9 

75.4 

1.  599 

74.5 

28  74. 9 

24.3 

55.  5 

61.8 

38.65 

29 


30 


31 


32 


33 


34 


33 


3G 


37 


38 


V 

V  V 

+  .  191 

.0365 

-  .078 

.0061 

+  .  101 

.0102 

+  .039 

.0015 

+  .034 

.0012 

-  .066 

.0049 

—  .072 

.0052 

-  .098 

.0096 

-  .048 

.  0023 

-  .070 

.0049 
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UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION, 


Observations  for  value  of  one  division  of  Level,  &c. — Continued. 


1 

No.  of  observa¬ 
tions. 

Headings. 

Differences. 

V 

vv 

Micrometer. 

Level. 

Microm. 

Level. 

1  d 

Snccessive. 

Means. 

N. 

S. 

t. 

d. 

28 

75.3 

75.9 

73.  5 

28  74.  9 

65.0 

15.0 

29 

10.2 

39.7 

39 

39.7 

29  39.  9 

24.0 

55.7 

65.0 

10. 85 

1.591 

-  .078 

.0061 

29 

11.2 

11.  4 

42.0 

29  41i  5 

68.0 

12.0 

30 

16.  8 

16.  0 

10 

16.5 

30  16.  4 

21.5 

58.3 

74.9 

16.  40 

1.C14 

-  .055 

.  0030 

30 

17.2 

18.6 

17.9 

30  17.9 

64.0 

16.0 

30 

80.  7 

80.  5 

11 

81.8 

30  81. 0 

24.2 

55.8 

63.1 

39.  80 

1.  585 

-  .084 

.0071 

.2400 

(I  =  1.6688  ±  .cos. 


P 
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UNITED  STATES  NORTHERN  BOUNDARY. 

June  14. 

Station,  Camp  No.  3. 

Determination  of  value  of  one  turn  of  the  Micrometer ,  Zenith  Telescope  Wiirdemann  No.  11, 

by  observation  of  Polaris  at  eastern  elongation. 

[Observer,  Captain  J.  F.  Gregory,  United  States  Engineers.] 

< p  =  49°  00'  02".  Timo  of  elong.  by  chron.  1481, 19h  25“  28“.0. 


•O  aj 
©  P 
<h.2 

°-s 

ot 
fc  % 

Micrometer 

reading. 

Level. 

T 

t? 

t! 

-Z0 

Combina¬ 
tion  of  ob- 

servat  ns. 

I  Interval  in 

microme¬ 

ter  revo¬ 
lutions. 

Z-Z' 

It 

V 

N. 

s. 

li.  m.  s. 

771.  fl. 

II 

>} 

// 

1 

8. 

39.0 

42.0 

18  52  58.  5 

-  32  29.  5 

4-  697.  6 

1  with  12 

15. 477 

404.0 

73.  703 

.630 

2 

8.5 

38.5 

42.2 

54  33.  5 

30  54.  5 

668.0 

2 

13 

.  477 

411.2 

75.  079 

.080 

3 

9. 

38.3 

42.  3 

56  12.  2 

29  15.  8 

628.  8 

3 

14 

.484 

408. 1 

74.  416 

.017 

4 

9.5 

37.3 

42.  5 

57  58. 2 

27  29.  8 

590.9 

4 

15 

.487 

407.1 

74. 194 

.205 

5 

10. 

38.5 

42.4 

18  59  29.2 

25  58.  8 

558.5 

*[5 

16 

.475 

413.3 

75.  489 

1.  090] 

6 

10.5 

37.6 

44.  4 

19  01  22.  3 

24  05.  7 

518.1 

6 

17 

.498 

409.7 

74.  510 

111 

7 

11. 

37.5 

44.0 

03  08.  5 

22  19.5 

480.2 

7 

18 

.508 

408.0 

74.  074  . 

.325 

8 

11.  5 

37.7 

44.  5 

04  57.  0 

20  31.  0 

448.4 

8 

19 

.  499 

406.8 

73.  960 

.  433 

9 

12. 

38.4 

44.0 

00  39.  3 

18  48.  7 

404  8 

9 

20 

.  482 

407.1 

74.  261 

.  1.,fi 

10 

12.5 

37.5 

44.  0 

08  20.  5 

17  07.  5 

368.5 

10 

21 

.492 

408.  4 

74.  363 

.036 

11 

13. 

37.8 

44.2 

10  05.  0 

15  23.  0 

331.  1 

11 

22 

.  497 

407.8 

74.  186 

.213 

12 

13.5 

37.7 

43.  5 

11  50.0 

13  38.  0 

293.  6 

23 

34 

.482 

406.  9 

74.  225 

.  174 

13 

14. 

37.3 

44.0 

13  32.  5 

11  55.  5 

256.  8 

24 

35 

.490 

409.8 

74.  294 

.  105 

14 

14.5 

37.8 

43.7 

15  13.2 

10  14.  8 

220.  7 

25 

36 

.  490 

409.  0 

74.  499 

.100 

15 

15. 

37.  1 

44.0 

16  56.0 

08  32.  0 

183.8 

26 

37 

.488 

40!).  3 

74.  581 

.182 

16 

15.5 

37. 1 

04.0 

18  43.4 

06  44.  6 

145.  2 

27 

38 

.492 

407.8 

74.  253 

.  146 

17 

10. 

37.0 

44.0 

20  26.  2 

05  01.  8 

108.4 

28 

39 

.492 

408.7 

74.417 

.018 

18 

10.5 

37.8 

43.4 

22  06.  7 

03  21.  3 

72.2 

29 

40 

.498 

410.8 

74.  718 

.319 

19 

17. 

37.  1 

44.0 

23  51.  5 

-  01  36.5 

+ 

34.6 

30 

41 

.492 

407.2 

74.  144 

.255 

20 

17.5 

36.7 

44.5 

25  34.  5 

+  00  06.  5 

02.3 

31 

42 

.488 

407.  4 

74.  235 

.  104 

21 

18. 

36.  8 

44.2 

27  19.  0 

01  51.  0 

39.9 

32 

43 

.488 

411.  1 

74.  909 

.  510 

22 

18.5 

37.3 

44.0 

29  01.  7 

03  33.  7 

76.  7 

33 

44 

5.  486 

407.1 

74.  207 

.  192 

23 

19. 

30.7 

44.5 

30  40.  5 

05  18.  5 

114.3 

24 

19.5 

36.0 

44.6 

32  28.  0 

07  00.0 

150.  8 

25 

20. 

30.6 

45.  0 

34  11.  3 

08  43.  3 

187.8 

It  =  7 

4".  347 

26 

20.5 

36.6 

44.7 

35  51.  5 

10  23.  5 

223.  8 

CoTr.  for  ref.  =  — 

.  036 

27 

21. 

36.4 

44.9 

37  36.  0 

12  08.  0 

261.3 

Value  of  one  turn  =  74".  31  ±  .  003 

28 

21.5 

36.  0 

45.0 

39  23.0 

13  55.  0 

£99.  0 

29 

22. 

35.8 

45.  1 

41  02.  5 

15  34.  5 

335.  3 

30 

22.5 

35.  8 

45. 2 

42  51.  0 

17  23.  0 

374.  1 

*  Tleiected. 

31 

23. 

36.0 

45.0 

44  30.  5 

19  02.  5 

409.  4 

t  This  is  tbe  interval  5.  5  revolutions  corrected  for 

32 

23.5 

36.  1 

45.  0 

46  09.3 

20  41.3 

445.0 

tbe  difference  in  the  levels  at  the  two  observations. 

33 

24. 

36.  0 

45. 1 

47  58.  5 

22  30.  5 

484.  1 

34 

24.5 

35.7 

45.  6 

49  42.  3 

24  14.3 

521.2 

35 

25. 

36.0 

45.2 

51  27.  2 

25  59.2 

558.  6 

36 

25.5 

36.  0 

45.  0 

53  15.  0 

27  47.  0 

596.  8 

37 

20. 

36.0 

45.  5 

54  56.  0 

29  28.  0 

633.1 

38 

26.5 

36.0 

45.5 

56  37.2 

31  09.2 

669. 1 

39 

27. 

35.6 

45.0 

19  58  27.  2 

32  59.  2 

708.3 

40 

27.5 

36.0 

45.  5 

20  00  14.2 

,  34  46.  2 

740.1 

41 

28. 

35.6 

46.0 

01  53.2 

36  25.  2 

781.3 

42 

28.  5 

35.6 

40.0 

03  33.  3 

28  05.  3 

816.8 

43 

29. 

35.7 

46.0 

05  24.  3 

39  56.  3 

856.1 

44 

29.5 

35.4 

46.2 

20  07  04.  0 

+  41  36.  9 

891.2 
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1873. 

UNITED  STATES  NORTHERN  BOUNDARY. 

July  19. 

Station,  Turtle  Mountain  Detot  (east  side),  Dak. 

Observations  to  determine  the  value  of  one  division  of  the  level  of  Zenith  Telescope  Wiirde- 
mann  No.  11  in  terms  of  the  micrometer.  Marie ,  cross-hairs  of  Transit  Telescope  No.  4. 

[Observer,  W.  J.  Twining,  Captain  United  States  Engineers.] 


No. 

Microm.  readings, 
first  position. 

Means. 

Microm.  readings, 
second  position. 

Means. 

Level,  first 
position. 

Level,  second 
position. 

Mean  change  of 

level. 

Mean  cbnnge  of 

microm. 

ldof  level  in  divis¬ 

ions  of  microm. 

V 

vv 

N. 

S. 

N. 

S. 

1 

21.  495 

20.  775 

57.4 

15.0 

15.  6 

57.8 

.488 

.785 

57.5 

15.0 

15.  8 

57.9 

.483 

21.  489 

.772 

20.777 

57.6 

15.2 

15.5 

58.2 

42.4 

71.2 

1.679 

82 

6724 

O 

19. 900 

20.  602 

16.9 

57.2 

57.7 

15. 3 

.920 

.631 

16.8 

57.  1 

57.6 

15.9 

•  .921 

.616 

17.0 

57.  1 

57.8 

15.9 

.909 

19.  913 

.616 

20.616 

16.9 

57.0 

57.7 

15.8 

41.0 

70.3 

1.715 

46 

2116 

3 

20.  598 

21. 382 

15.7 

C8.  2 

58.6 

15.4 

.593 

.381 

15.6 

58.  6 

58.5 

15.5 

.587 

20. 593 

.365 

21.376 

15.5 

58.8 

58.5 

15.6 

43.0 

78.3 

1.821 

60 

3600 

4 

21.  357 

22.  098 

15.9 

58.8 

57.5 

17.3 

.352 

.096 

16.1 

58.8 

57.6 

17.3 

.365 

21.  358 

.096 

22. 097 

16.2 

58.7 

57.7 

17.5 

41.4 

73.9 

1.785 

24 

576 

5 

22.  098 

22.  825 

19.3 

56. 4 

59.9 

16.6 

.089 

.808 

19.3 

56.8 

CO.O 

16.7 

.  103 

22.  097 

.807 

22. 813 

19.2 

56.9 

60.0 

16.7 

40.4 

71.6 

1.772 

11 

121 

6 

22.811 

23.  496 

19.8 

57.2 

58.6 

18.2 

.  8U7 

.506 

19.9 

57.3 

58.  5 

18.2 

.805 

22.  808 

.503 

23.  502 

19.9 

57.4 

58.6 

18.2 

38.9 

69.4 

1.  784 

23 

529 

7 

23.  467 

24.  265 

16.0 

Cl.  3 

58.7 

18.5 

.  491 

.263 

16.0 

61.4 

58.7 

18.6 

.497 

23.  485 

.266 

24.  265 

15.8 

61.8 

58.8 

18.6 

42.9 

78.0 

1.818 

57 

3249 

8 

24. 252 

24.  939 

20.9 

56,9 

CO.  9 

16.8 

.276 

.  947 

21.0 

56.9 

(0.9 

16.8 

.250 

24.  259 

.941 

24. 942 

21.3 

56.9 

61.0 

16.8 

39.9 

68.3 

1.712 

49 

2401 

9 

24.  920 

25.  690 

18.5 

59.5 

61.0 

16.8 

.942 

.  713 

18.5 

59.6 

61. 1 

16.7 

.938 

.696 

25.  700 

18.3 

59.6 

60.8 

16.9 

42.7 

76.7 

1. 796 

35 

1225 

10 

25. 703 

26. 450 

18.0 

59.9 

60.8 

16.6 

.714 

.463 

17.9 

10.  1 

60.9 

16.5 

.713 

25. 710 

.458 

26.457 

17.9 

60.0 

61.0 

'  16.5 

43.3 

74,7 

1. 725 

30 

1296 

1  div.  of  level  =  1.701  div.  microm. 

£  =  .049 
r  =  .  033 
e0  =  .010 
tq  =  .010 
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1873 


UNITED  STATES  NORTHERN  BOUNDARY. 
July  18. 

Station,  Turtle  Mountain  Depot  (east  side),  Dak. 


Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope  Wiirde- 
mann  No.  11,  by  the  eastern  elongation  of  Polaris;  Chronometer  1513  Negus. 


[Observer,  W.  J.  Twining,  Captain  United  States  Engineers.] 


log  cot  <5 
log  tang  $ 
log  cos  t0 
h 

t0  in  time 
A.  It. 

Sid.  time  of  elong. 
Chronometer  core. 
Cliro.  time  elong. 


8.3790945 
0.0616748 
8.4407693 
88°  25'  08".2 
5h  5  ;m  40“.5 
i“  12m  17  s.  5 
19h  18m  37“.0 
0h  12m  25s. 8 
19h  31m  02s.8 


A.  It.  of  Polaris,  l1'  12m  17“.  5 
S  of  Polaris,  88°  37'  43".3 

Assumed  <J>,  49°  03'  17".0 

log  Sin  <5  -  9.9998756 
log  sin  <j>  =  9.8781401 
log  oos0o  =  9.8782645 

sin  (Z  —  Z0)  =  cos  (5  sin  (T—  T0)  '  z0  =  40°  55'  34". 8 


Number. 

Microm .  readings. 

Level. 

T 

T-Ta 

z-z0 

Combined  with 
nr  mber — 

Diff.  of  level. 

a 

s 

o 

3  ® 

.2  ^ 

>  +* 

•r-t 

O' 

94 

Diff.  of  turns. 

Z-Z’ 

Value  of  1  rev. 

V 

vv 

N. 

S. 

h.  m.  s. 

m.  s. 

n 

II 

// 

1 

28. 

30.5 

35.8 

19  01  55.5 

—29  07.  3 

-625.  55 

22 

-1.  50 

.0264 

10.  4736 

780.  85 

74.  554 

.210 

44100 

2 

27.5 

30.3 

36.3 

03  41.  5 

27  31.  3 

587.  78 

23 

1.  05 

.  0185 

.4815 

779. 14 

.335 

9 

81 

3 

27. 

30.0 

36.5 

05  26.  0 

25  36.  8 

550.  52 

24 

1.05 

.0185 

.4815 

779.  89 

.406 

62 

3844 

4 

26.5 

30.  0 

36.5 

07  09. 5 

23  53.  3 

513.  58 

25 

1.05 

.0185 

.  4815 

780.  06 

.  483 

79 

6241 

5 

26. 

30.0 

3G.  5 

08  52.  0 

22  10.  8 

476.98 

26 

1.05 

.0185 

.  4815 

780.  01 

.418 

74 

5476 

6 

25.5 

29.8 

30.7 

10  34.  5 

20  28.  3 

440.  34 

27 

1.  45 

.  0225 

.  4745 

780.  99 

.561 

.217 

47087 

7 

25. 

29.8 

36.9 

12  20. 0 

18  42.  8 

402.  61 

28 

1.25 

.  0220 

.  4780 

780. 49 

.488 

.  144 

20736 

8 

24.5 

29.8 

36.9 

14  04  0 

16  58.8 

365.  39 

29 

1.  20 

.0211 

.  4789 

779.  77 

.413 

69 

4761 

9 

24. 

29.9 

37.0 

15  50.  5 

15  12.  3 

327.  25 

30 

1.25 

.  0220 

.4760 

778.  10 

.260 

84 

7056 

10 

23.5 

29.  9 

37.1 

17  34.  0 

13  28. 8 

290. 17 

31 

1.25 

.  0220 

.  4780 

778.  54 

.302 

42 

1764 

11 

23. 

30.0 

37.1 

19  15.  5 

11  47.  3 

253.  79 

32 

1.30 

.  0229 

.  4771 

779.  12 

.364 

20 

400 

12 

22.5 

29.8 

37.3 

20  59.  0 

10  03.  8 

216.68 

33 

1.  15 

.0202 

.4798 

779.  29 

.413 

69 

4761 

13 

22. 

29.7 

37.4 

22  42.  5 

8  20.3 

178. 12 

34 

1.00 

.0176 

.  4S24 

778.  34 

.  252 

92 

8464 

14 

21.5 

29.7 

37.  6 

24  27.  5 

6  35.  3 

141.88 

35 

.90 

.  0158 

.  4842 

779. 14 

.316 

28 

784 

15 

21. 

29.8 

37.6 

20  09.  0 

4  53.  8 

105.  40 

36 

1.05 

.  0185 

.4815 

778.  30 

.255 

89 

7921 

16 

20.5 

29.7 

37.6 

27  53.  0 

3  09.8 

68.13 

37 

.60 

.  0106 

.4894 

778.  82 

.243 

96 

9216 

17 

20. 

29.8 

37.7 

29  37.  5 

-  1  25.3 

-  30.62 

38 

.  55 

.0097 

.4903 

778.  95 

.  254 

90 

8100 

18 

19.5 

29.8 

37.6 

31  20.0 

+  0  17.  2 

+  6.  17 

39 

.  55 

.1097 

.  4903 

779.  39 

.  296 

48 

2304 

19 

19. 

29.6 

37.8 

33  03.  0 

2  00.  2 

43. 15 

40 

.99 

.0158 

.  4842 

779.  07 

.309 

35 

1225 

20 

18.5 

216 

38.0 

34  43. 5 

3  45.7 

81.02 

41 

.85 

.0150 

.  4850 

777.  81 

.183 

.  161 

23921 

21 

18. 

29.6 

38.0 

30  30.  5 

5  27.  7 

117.62 

41 

-0.  75 

-  . 0132 

10.  4868 

777.  77 

.166 

.  178 

31684 

22 

17.5 

29.6 

37.9 

33  15.  5 

7  12.  7 

155. 30 

23 

17. 

29.  7 

37.8 

30  56.  0 

8  53.  2 

191.36 

24 

16.5 

29.6 

38.2 

41  42.0 

10  30.  2 

229.  37 

Mean  value  of  one  torn,  74".344  4-  .010 

25 

16. 

29.0 

38.2 

43  25.  5 

12  22.  7 

266.  48 

20 

15.5 

29.6 

38.2 

45  07.  5 

14  04.  7 

301.  03 

Mean 

74". 344 

27 

15. 

29.  0 

38.8 

46  52.  5 

15  49.  7 

349.  C5 

Corr.  fn 

r  rofrac. 

".036 

24 

14.5 

29. 1 

38.7- 

48  36. 5 

17  33.7 

377.  88 

Value  of  one  turn  of  microm 

,  74". 306 

29 

14. 

29.  1 

316 

50  18.  5 

19  15.  7 

414.  38 

30 

13.5 

29.  1 

38.7 

52  00.  5 

20  57.  7 

450.  85 

£  =  0".110 

31 

13. 

29.  1 

38.8 

53  45.  5 

22  42.  7 

488.  37 

r  =  0".07  t 

32 

12.5 

29.  1 

38.8 

55  29. 0 

24  26. 2 

525.  33 

£„  =  0' 

.024 

33 

12. 

29.1 

38.9 

57  13.  5 

26  10.  7 

562.  61 

T„  =  0' 

.016 

34 

11.5 

29.2 

38.  9 

19  58  59.0 

27  56. 2 

670.  22 

35 

11. 

29.2 

38.9 

20  00  43.  0 

29  40.  2 

637.  26 

36 

10.  5 

29.  1 

39.0 

02  23.  0 

31  20.2 

672.  84 

37 

10. 

29.  5 

38.6 

04  00.5 

33  06.  7 

710.  69 

38 

9.5 

29. 5 

38.5 

0.”)  55.  5 

34  52.  7 

748.  33 

39 

9. 

29.  6 

38.5 

07  40.  5 

36  37.7 

785.  56 

40 

8.5 

29.1 

39. 1 

09  24. 0 

38  21.2 

822.  22 

41 

8. 

29.  1 

39. 2 

11  07.5 

40  04.  7 

858.  83 

42 

7.5 

29.2 

39.1 

20  12  51.  0 

+  41  48.2 

895.  39 
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1874. 

UNITED  STATES  NORTHERN  BOUNDARY. 

June  18.5. 

Fort  Buford,  Dakota. 

Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope 
Wiirdemann  No.  20  $  Chronometer  Negus  No.  1513,  eastern  elongation  of  Polaris. 

[Observer,  J.  F.  Gregory,  Captain  United  States  Engineers.] 

Clironometer-tiiue  of  elongation,  19h  18m  12s. 


No. 

Chronom. 

time. 

Correction 
to  motion 
in  vertical. 

Correction 
lor  level. 

Corrected 

time. 

No. 

Chronom. 

tiino. 

Correction 
to  motion 
in  vertical. 

Correction 
for  level. 

Corrected 

time. 

15 rev.  in¬ 
terval. 

V 

h. 

on 

s. 

s. 

s. 

h. 

on 

s 

h. 

on 

S. 

s. 

s. 

h. 

on. 

s. 

s. 

s. 

1 

18 

38 

40.0 

+  11.8 

+ 

0.6 

18 

38 

52. 

4 

31 

19 

22 

21.  9 

0. 

-  0.  7 

19 

22 

21.2 

2608.  8 

3.7 

2 

40 

07.9 

10.5 

+ 

0.7 

40 

19. 

1 

32 

23 

50.5 

0. 

0.8 

23 

49.7 

10.6 

5.5 

3 

41 

38.0 

9.3 

+ 

0.7 

41 

48. 

0 

33 

25 

16.3 

0. 

1.  1 

25 

15.2 

07.2 

2. 1 

4 

43 

06.2 

8.3 

0.4 

43 

14. 

1 

34 

26 

44.9 

-  0.  1 

1. 1 

26 

41.7 

09.  6 

4.5 

5 

44 

32.  8 

7.  3 

+ 

0.7 

44 

40. 

8 

35 

28 

10.6 

0.  2 

1.  1 

28 

09.3 

08.5 

3  4 

6 

4(3 

00.8 

6.3 

+ 

0.4 

46 

07. 

5 

36 

29 

37.0 

0.2 

1.2 

29 

35.  6 

08.  1 

3.0 

7 

47 

27.6 

5.5 

+ 

0.  6 

47 

33. 

7 

37 

31 

03.  9 

0.4 

1.2 

31 

02.3 

08.  6 

3.5 

8 

48 

54.3 

4.7 

+ 

0.9 

48 

59. 

9 

38 

32 

33.4 

0.5 

1.2 

32 

31.7 

11.  8 

6.7 

9 

50 

24.0 

4.  1 

0.0 

50 

28. 

1 

39 

33 

59.0 

0.8 

1.2 

33 

57.0 

08.  9 

3.8 

10 

51 

51.3 

3.4 

0.0 

51 

54. 

7 

40 

35 

27.  0 

1.  0 

1.4 

35 

24.  6 

09.  9 

4.8 

11 

53 

20.  6 

2.9 

0.0 

53 

23. 

5 

41 

36 

52.6 

1.3 

1.4 

36 

49.9 

06.  4 

1.3 

12 

54 

48.0 

2.4 

+ 

0.  4 

54 

50. 

8 

42 

38 

20.7 

1.5 

1.4 

38 

17.  8 

07.0 

1.9 

13 

56 

13.7 

2.0 

+ 

0.  1 

56 

15. 

8 

43 

39 

46.  0 

1.9 

1.  4 

39 

42.7 

06.9 

1.8 

14 

57 

43.4 

1.6 

+ 

0.  1 

57 

45. 

1 

44 

41 

13.8 

2.3 

1.  4 

41 

10.  1 

05.0 

0.  1 

15 

18 

59 

10.  0 

1.  3 

+ 

0.  1 

18 

59 

11. 

1 

45 

42 

40.0 

2.8 

1.  4 

42 

35.  8 

04.  4 

0.7 

16 

19 

00 

38.4 

1.0 

+ 

0.2 

19 

00 

39. 

6 

46 

44 

09.4 

3.  3 

1.  4 

44 

04.  7 

05.  1 

0.0 

17 

02 

04.  4 

0.8 

+ 

0.2 

02 

05. 

4 

47 

45 

35.4 

3.9 

1.  4 

45 

30.  1 

04.7 

0.4 

18 

0! 

33.5 

0.6 

0.2 

03 

33. 

9 

48 

47 

07.  9 

4.  5 

1.  4 

46 

56.  0 

02.  1 

3.0 

19 

05 

00.  0 

0.4 

— 

0.  5 

04 

59. 

9 

49 

48 

29.0 

5.3 

2.  1 

48 

21.  6 

01.  7 

3.  4 

20 

03 

27.  7 

0.3 

— 

0.5 

06 

27. 

5 

50 

49 

57.5 

6.  1 

1.  9 

49 

49.  5 

02.  0 

3.1 

21 

07 

52.3 

0.  2 

0.0 

07 

52. 

5 

51 

51 

25.  0 

7.0 

1.9 

51 

10.  1 

2603.  6 

1.5 

22 

09 

23.3 

+  0.1 

— 

0.4 

09 

23. 

0 

52 

52 

52.8 

8.0 

1.9 

52 

42.  9 

2599.  9 

5.2 

23 

10 

49.0 

0. 

— 

0.  4 

10 

48. 

6 

53 

54 

19.7 

9.0 

2.  1 

54 

08.6 

2600.  0 

5.1 

24 

12 

16.  8 

0. 

— 

0.  4 

12 

16. 

4 

54 

55 

49.  1 

10.1 

2.1 

DJ 

36.9 

00.5 

4.6 

25 

13 

41.  9 

0. 

— 

0.  4 

13 

41. 

5 

55 

57 

14.  7 

11.3 

1.8 

57 

01.6 

00.1 

5.0 

26 

15 

08.6 

0. 

— 

1.2 

15 

07. 

4 

56 

19 

58 

45.0 

12.  7 

1.  6 

58 

30.  7 

03.3 

1.8 

27 

16 

35.0 

0. 

— 

0.2 

16 

34. 

8 

57 

20 

00 

13.6 

14.  1 

1.  6 

19 

59 

57.9 

03.  1 

2.0 

28 

18 

03.5 

0. 

_ 

0. 1 

18 

03. 

4 

58 

01 

4!.  5 

15.  6 

1.  6 

20 

01 

24.  3 

00.  9 

4.2 

29 

19 

29.0 

0. 

— 

0.  1 

19 

28. 

9 

59 

03 

08.6 

17.3 

1.  5 

02 

49.  8 

CO.  9 

4.2 

30 

19 

20 

56.0 

0. 

— 

0.2 

19 

20 

55. 

8 

6C 

20 

04 

38.3 

-  19.0 

-  1.5 

20 

04 

17.8 

2602.  0 

3.  1 

LEVEL  OBSERVATIONS. 


No 

N. 

s. 

No. 

N. 

s. 

1 

d. 

18.6 

d. 

19. 1 

27 

d- 
19.  7 

d. 

19.5 

2 

18.5 

19. 1 

28 

19.  0 

19.  5 

4 

19.0 

18.7 

30 

19.8 

19.  6 

5 

18.  6 

19.2 

31 

20.  0 

19.4 

6 

18.8 

19.  1 

33 

20.2 

19.3 

7 

1.8.7 

19.2 

34 

20.  3 

19.  4 

8 

18.  6 

19.  3 

36 

20.  5 

19.5 

9 

19.0 

19.  0 

40 

20.6 

19.5 

12 

18.8 

19. 1 

47 

20.7 

19.5 

13 

19.0 

19.  1 

49 

21.0 

19.  3 

16 

19.  0 

19.  2 

50 

21.  0 

19.5 

18 

19.3 

19. 1 

53 

21.  1 

19.4 

19 

19.5 

19.  1 

55 

21.  0 

19.  6 

21 

19.  2 

19.2 

56 

21.0 

19.  7 

22 

19.  6 

19.3 

59 

21.0 

19.8 

26 

20.  5 

19.5 

1st  contact  at  T 35.0 
OOtb  contact  at  T  5.5  $ 


£  Value  of  one  division  of  level,  0".893. 


.438 


Mean,  2C05».05  i 
log.  3.4158161 
log  15  cos'd  8.3172074 
log  val.  one  turn,  1.7930235 
val.  one  turn,  62". 0903 
Corroctii  n  forref  action,  —  0".03I5 
Corrected  value  one  tu  n,  C2".059  ±  .010. 


Mean  value  adopted,  giving 
C2".12G. 


the  determination  of  June  18,  double  weight, 
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1874. 

UNITED  STATES  NORTHERN  BOUNDARY. 

June  14.5. 


Fort  Buford,  Dakota. 

Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope 
Wiirdcmann  No.  20,  elongation  of  B.  A.  0.  No.  240  (eastern),  Chronometer  Negus  1513, 
sidereal. 

[Observer,  J.  F.  Gregory,  Captain  United  States  Engineers.] 

Chronometer-time  of  elongation,  IS1  56“  20s. 

B.  A.  C.  240,  apparent  place,  Jane  14.5.  1874,  A.  R.,  0h  48"'  59’.2 ;  <5  88°  20'  36". 


No. 

Chronom. 

time. 

Correction 
to  motion 
in  vertical. 

Correction 
for  level. 

Corrected 

timo. 

No. 

Chronom. 

time. 

Correction 
to  motion 
in  vertical. 

Correction 
for  level. 

Corrected 

time. 

15  rev.  in¬ 
terval. 

V 

h.  m.  s. 

s. 

tf. 

h.  m.  s. 

h.  m.  s. 

s. 

•  s. 

h.  m.  s. 

s. 

s. 

1 

18  36  05.  0 

+  1.6 

-  1.3 

18  36  05.  3 

31 

19  11  58.0 

-  .7 

+  .7 

19  11  58.  0 

2152.  7 

2.0 

2 

37  15.5 

1.3 

1.3 

37  15.5 

32 

13  10.5 

.  9 

0.7 

13  10.  3 

54.8 

4.  1 

3 

38  27.  0 

1. 1 

1.  3 

38  26.  8 

33 

14  23.  0 

1.  1 

1.  1 

14  23.  0 

56.2 

5.5 

4 

39  38.  0 

.9 

1.3 

39  37.  6 

34 

15  33.  5 

1.3 

1.2 

15  33.  4 

55.8 

5.  1 

5 

40  51.  5 

.7 

1.3 

40  50.  9 

35 

16  46.  0 

1.0 

.8 

16  45.2 

54.3 

3.6 

6 

41  59.0 

.5 

1.3 

41  58.2 

36 

17  55.  5 

1.9 

1.0 

17  54.6 

56.4 

5.  7 

7 

43  16.  0 

.4 

1.3 

43  15. 1 

37 

19  08.  0 

2.2 

.0 

19  06.  8 

51.7 

1.  0 

8 

44  28.0 

.3 

1.3 

44  27.  0 

36 

20  21.  0 

2.6 

.0 

20  19.  4 

52.  4 

l.  7 

9 

45  38.  0 

.  2 

1.1 

45  37.  1 

39 

21  32.  0 

3.  1 

.  0 

21  29.9 

52.6 

2.  1 

10 

40  49.  0 

.  1 

1.0 

46  48.  1 

40 

22  45.  0 

3.  5 

.  0 

22  42.  5 

54.  4 

3.7 

11 

48  01.  5 

+  -i 

0.8 

48  00.  8 

41 

23  56.  0 

4.0 

.0 

23  53.  0 

51.2 

1.5 

12 

49  14.5 

.0 

0.8 

49  13.7 

42 

25  08.  0 

4.5 

.0 

25  05.  5 

50.8 

.  1 

13 

50  29.  0 

.0 

1.0 

50  28.  0 

43 

26  20.  0 

5.  1 

.0 

26  15.9 

47.  9 

2.8 

14 

51  41.0 

.  0 

0.9 

51  40. 1 

44 

27  34.  5 

5.8 

.0 

27  2  '.  7 

49.  C 

1.  1 

15 

53  48.  0 

.0 

0.7 

52  47.  3 

45 

28  46.  5 

6.  4 

.0 

28  41. 1 

53.  8 

3.  1 

16 

54  07.  5 

.0 

1.2 

54  01.3 

46 

29  58.  0 

7.2 

.0 

29  51.8 

51.  5 

.8 

17 

55  15.  5 

.0 

.8 

55  14.  7 

47 

31  11.0 

8.  1 

.0 

31  03.9 

40.  2 

1.5 

18 

56  25.  0 

.0 

.0 

56  24.  2 

48 

32  22.  0 

8.9 

.  0 

32  14.  1 

4!).  0 

.8 

19 

57  36.  5 

.0 

.0 

57  35.  7 

49 

33  36.  5 

9.8 

1.0 

33  27.  7 

52.0 

1.3 

20 

18  58  48.  0 

.0 

.8 

18  58  47.  2 

50 

34  48.  0 

10.  8 

2.0 

34  39.  2 

52.0 

1.  3 

21 

19  00  0  '.  0 

.0 

.4 

19  00  01.  6 

51 

36  01.  0 

11.9 

1.  5 

36  50.  6 

49.0 

1.  7 

22 

01  13.0 

.0 

-  .4 

01  13.4 

52 

37  12.  5 

13.0 

2.5 

37  02.  0 

48.  6 

2.  1 

23 

02  28.0 

.0 

+  3 

02  28.  3 

53 

38  25.  5 

14.2 

2.5 

38  13.  8 

45.  5 

5.2 

24 

03  39.  0 

.  0 

.4 

03  39.  4 

54 

39  39.  0 

15.4 

2.3 

39  25.  9 

40.  5 

4.2 

25 

04  46.  5 

—  .  1 

.7 

04  49. 1 

55 

40  50.  5 

16.8 

2.5 

4  1  36.  2 

47.  1 

3.  6 

26 

05  59.  0 

.2 

.  7 

05  59.  5 

56 

42  05.  0 

18.2 

2.5 

41  49.  3 

40.  8 

0.  9 

27 

07  15.  0 

o 

.3 

07  15.  1 

57 

43  16.  5 

19.6 

2.5 

42  59.  4 

44.3 

6.  4 

28 

08  23.  5 

.3 

.  7 

08  23.  9 

58 

44  32.  0 

21.4 

2.5 

41  13.1 

49.  2 

1.  5 

29 

09  36.  0 

.  4 

.7 

09  36.  3 

59 

45  44.  0 

23.  0 

2.  5 

45  23.5 

47.2 

3.  5 

30 

19  10  49.0 

—  .  5 

+  -7 

19  10  4.’.  2 

GO 

19  46  55.  5 

-  24.7 

+  2.9 

19  46  33.  7 

2144.  5 

6.2 

LEVEL  OBSERVATIONS. 


No. 

N. 

S. 

No. 

N. 

S. 

No. 

N. 

s. 

d. 

d. 

d. 

d. 

d. 

d. 

i 

25.  0 

23.7 

23 

21.2 

24.5 

52 

23.3 

25.  7 

0 

24.  9 

2!.  8 

24 

24.  1 

21.5 

5.4 

23.  5 

25.7 

10 

24.9 

23.  9 

25 

24.0 

24.7 

55 

23.3 

25.  7 

11 

24.8 

21.0 

27 

24.  1 

24.  4 

59 

213 

25.  9 

13 

21.9 

23.9 

23 

24.0 

24.7 

60 

23.2 

i>6.  0 

14 

24.8 

23.  9 

33 

23.9 

23.0 

15 

24.7 

24.0 

34 

21.8 

25.0 

16 

25.  0 

23.  8 

35 

21.0 

24.8 

17 

24.8 

24.0 

36 

24.0 

23.  0 

24 

24.5 

24.  1 

50 

23.  6 

25.  5 

22 

24. 1 

24.  5 

5L 

23.8 

25.3 

6:to  contact  at  I  U  }  Value  of  °ae  level,  0".893. 


Mean,  2150»,74  ±  .412 
log,  3.3325879 
log  15  eos  <5,  8.  46L2336 


log  value  one  turn,  1. 7938215 
value  one  turn,  62".2945 
Correction  for  ref.,  — 0".0S15 
Value  of  one  turn  corrected,  62".  173  ±  .012 
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18  7  4. 

UNITED  STATES  NORTHERN  BOUNDARY. 
June  15.5. 


Fort  BuFOitD,  Dakota. 

Observations  to  determine  the  value  of  one  turn  of  the  micrometer  of  Zenith  Telescope 
Wiirdemann  No.  20,  Chronometer  Negus  1513,  eastern  elongation  of  Polaris. 

[Observer,  J.  F.  Gregory,  Captain  United  States  Engineers.] 

Chronometer -time  of  elongation,  19h  18“  10s. 


No. 

Chronom. 

time. 

Correction 
to  motion 
in  vertical. 

Correction 
for  level. 

Corrected 

time. 

No. 

Chronom. 

time. 

Correction 
to  motion 
in  vertical. 

Correction 
for  level. 

Corrected 

time. 

12rev.  in¬ 
terval. 

V 

1 

h.  TO.  s. 

18  33  12.  0 

s. 

4-  17.3 

s. 

•  -  1.2 

h.  TO.  s. 

18  33  28.  1 

25 

h.  m.  s. 

19  08  19.  8 

s. 

+  .2 

s. 

h.  TO.  s. 

19  08  20.  6 

s. 

205)2.  5 

s. 

3.3 

2 

34  39.  6 

15.  7 

i.i 

34  54. 2 

26 

C9  47.  0 

.  i 

.5 

09  47. 6 

93.4 

4.2 

3 

36  07.  7 

14.  1 

1.2 

36  20.  0 

27 

11  13.4 

0. 

.5 

11  13.9 

93.3 

4.  1 

4 

37  35.  6 

12.  7 

1.9 

37  46.  4 

28 

12  43.  0 

0. 

.7 

12  43.7 

97.3 

8. 1 

5 

39  09.  0 

11.3 

2.2 

39  18.1 

29 

14  08.  2 

0. 

.8 

14  09.  0 

90.9 

1.  7 

0 

40  37.  4 

10.0 

2.4 

40  45. 0 

30 

15  33.0 

0. 

1.  1 

15  34. 1 

80.  1 

.  1 

7 

42  04.  7 

9.0 

2.4 

42  11.3 

31 

16  58.2 

0. 

1. 1 

16  59. 3 

88.0 

1.2 

8 

43  30.  6 

9.0 

2. 1 

43  36. 5 

32 

18  27. 5 

0. 

1.0 

18  28.  5 

92.0 

2.8 

9 

44  57.5 

6.9 

2. 1 

45  02. 3 

33 

19  54.  0 

0. 

1.0 

19  55. 0 

92.7 

3.5 

10 

46  27.  0 

6.0 

1.8 

46  31.2 

34 

21  21.  4 

0. 

1.1 

21  22. 5 

91.3 

2.  1 

11 

47  54.  7 

5.2 

1.7 

47  58.  2 

35 

22  47.  6 

0. 

1.2 

22  48.  8 

90.6 

1.4 

12 

49  23.  6 

4.5 

1.7 

49  26.  4 

36 

24  15.  6 

0. 

1.0 

24  16.  6 

90.2 

1.0 

13 

50  51.2 

3.8 

1.7 

50  53.3 

37 

25  41.  3 

0. 

1.0 

25  42.  3 

89.0 

.2 

14 

52  16.  8 

3.3 

1.7 

52  18.  4 

38 

27  07.  8 

-  .1 

1.  1 

27  08.  8 

90.  4 

1.2 

15 

53  47.  5 

2.7 

1.7 

53  48. 5 

39 

28  35.  0 

.2 

.9 

28  35.  7 

87.2 

2.0 

16 

55  15.6 

2.3 

1.7 

55  16.2 

40 

30  03.  7 

.3 

1.5 

30  04. 9 

88.7 

.5 

17 

56  39.  5 

1.9 

1.4 

56  40.  0 

41 

31  29.6 

.4 

1.7 

31  30.  9 

90.9 

1.7 

18 

58  13.  8 

1.5 

1.4 

58  13. 9 

42 

32  58. 2 

.6 

1.8 

32  59.  4 

85.5 

3.7 

19 

18  59  36.  0 

1.2 

-  .  4 

18  59  36. 8 

43 

34  22.  4 

.8 

1.8 

34  23.  4 

86.6 

2.C 

20 

19  01  04.  3 

.9 

+  -2 

19  01  05. 4 

44 

35  48. 1 

1.0 

1.8 

35  48.  9 

83.5 

5.7 

21 

02  32.  0 

.  7 

+  -4 

02  33. 1 

45 

37  16.  4 

1.  3 

1.8 

37  16.  9 

83.8 

5.4 

22 

03  58.  5 

.5 

-  .3 

03  58.  7 

46 

38  45. 8 

1.7 

1.8 

38  45.  9 

87.2 

2.0 

23 

05  27.  6 

.4 

+  -4 

05  28.  4 

47 

40  11.3 

2.0 

2. 1 

40  It.  4 

83.0 

6.2 

24 

19  06  54. 5 

+  -2 

+  -G 

19  06  55.  3 

48 

19  41  39. 2 

-2.4 

4-2.1 

19  41  38.  9 

2083.  6 

5.6 

LEVEL  OBSERVATIONS. 


No. 

N. 

s. 

No. 

N. 

S. 

1 

20.0 

19.0 

30 

19.4 

20.3 

2 

19.9 

19.0 

32 

19.7 

20.5 

3 

20.0 

19.0 

34 

19.7 

20.6 

4 

20.2 

18.7 

35 

19.6 

20.6 

5 

29.3 

18.  5 

33 

19.8 

21.6 

6 

20.4 

18.5 

33 

19.7 

20.6 

7 

20.4 

18.  5 

39 

19.8 

20.  5 

8 

21.  4 

It  7 

43 

19.7 

20.9 

9 

20.  4 

18.  7 

41 

19.6 

21.0 

10 

20.4 

10.0 

47 

19.5 

21.2 

17 

20.  :t 

19.2 

19 

23.1 

19.8 

20 

19.  8 

20.0 

21 

19.  7 

20.0 

22 

20.0 

19.8 

23 

19.7 

20.0 

24 

19.5 

20.  0 

26 

19.  6 

20.0 

28 

1 

19.5 

20.  1 

1st  contact  at  T36  0 
48th  contact  at  T 12  5 


Value  of  one  division  of  level  0".893. 

Mean,  2089s.2 
log,  3.  31S9800 
log  15,  1. 1760913 
log  CCS  8,  8.3772074 


2. 8732787 
log  12,  1.0791-12 


log  value  of  one  turn,  1.  7940975 
valuo  one  turn,  62'.2I4 
Coirection  for  ref.,  —  0''.032 
True  value  one  turn,  62".2l2  ± 


’.015 
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4  1873. 

UNITED  STATES  NORTHERN  BOUNDARY, 


Determination  of  Chronometer  corrections  of  Chronometer  Negus  Sidereal  1514,  hg  Transit 

Observations. 

At  Station  No.  1,  Initial  Point  neah  Pembina,  Dak. 


Correction 

Date.  Objects.  to  1514. 

Sept.  12.  4.  g  Cygni,  a  Cepliei,  |  Aquarii,  ePegasi,  79Draconis,  aAquarii,  0  Aquarii,  v  Aquarii,  9Drao .  — 3’.73 

Sept.  18. 5.  k  Aquilse,  y  Aquil®,  k  Cepliei,  Gr.  3241,  12-Yr.  1879,  a  Cepliei,  aAquarii,  32  Urs.  Maj.,  9  Drac., 

i  Cephei,  a  Pegasi .  — 1*.55 

Sept.  26. 5.  c»  Piscium,  4  Drao.,  a  Cassiop.,  e  Piscium .  — 03.42 

Sept.  28. 4.  a  Cygni,  /<  Aquarii,  <r2  Drs.  Maj.,  1  Drac. ,  f  Aquarii,  ePegasi,  aAquarii,  226  Cepliei .  — 0S.86 

At  Station  No.  2,  East  (Lake  op  Woods). 

Oct.  24. 4.  g  Aquarii,  a  Pegasi,  o  Cepliei,  A  Drac.,  Gr.  4163,  y  Pegasi,  21  Cassiop.,  e  Piscium .  +8“  243.54 


SEXTANT  TIME. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longi¬ 

tude. 

Correction 
to  1514. 

h.  m.  s. 

o  /  // 

h.m.  s. 

h.  m.  5. 

—  1  20  11.  G 

48  56  45 

6  28  55 

—  1  20  18.8 

11.9 

17.5 

Aug.  23 

Sun . 

10.  4 

16.5 

Aug.  26 

N.  1514  sid .. 

C8.  6 

13.9 

a  Pegasi . 

10.5 

—  1  20  08.4 

Sept.  1 

-1  20  09.4 

48  56  45 

6  28  55’ 

-1  19  58.9 

N.  W.  Angle . . 

Oct.  10 

a  Andromed®. .. 

N.  1514  sid  .. 

+  8  37.  7 

49  22  26 

6  20  [37] 

+  8  37.  7 

a  Lyr® . 

Oct.  14 

N.  1319  m. s  . 

-6  16  4G.  4 

48  59  45 

6  21  07 

4-  8  16.  3 

Oct.  16 

+  8  22. 6 

48  59  45 

6  21  07 

+  8  22. 1 

Oct.  22 

+  8  26.2 

48  59  45 

6  21  07 

+  8  26. 2 

a  Pegasi . 

N.  1319  m. s 

-6  15  06.2 

49  22  20 

6  20  [37] 

4-  9  08.  8 

N.  W.  Angle . 

Nov.  4,  a.  m. 

Sun . 

N.  1319  m.  s 

-6  14  57.0 

49  22  20 

6  20  [37] 

4-  9  11. 6 
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18  73, 

UNITED  STATES  NORTHERN  BOUNDARY 


Determination  of  chronometer  corrections  and  resulting  corrections  of  Sidereal  Chronom¬ 
eter  Negus  1481,  used  with  Zenith  Telescope  for  determination  of  Latitude. 

SEXTANT. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longi¬ 

tude. 

Correction 
to  1481. 

m.  s. 

o  f  n 

Ji.  m  .  s. 

m.  s. 

-f  1  50.  4 

49  00  04 

6  30  41 

—  6  00.  0 

+  0  34.  5 

49  00  05 

6  32  02 

—  7  21. 1 

N.  1319  m.  s  . 

-f  0  35.  0 

-  7  22.  4 

N.  1310  m.  s  .. 

+  0  36.  8 

—  7  21.  8 

-f  0  40.  8 

—  7  21.  8 

June  16,  p.  m 

Sun . . 

N.  1319  m.  s  . . 

-f  0  44.  9 

-  7  26.  6 

+  0  4G.  5 

49  00  05 

6  32  02 

—  7  25.  6 

N.1C.19  m.s  .. 

-  2  37.  3 

49  00  00 

6  35  39 

a  Bootis . 

Station  No.  5 . 

N.  1319  tu.  s  .. 

2  33.  3 

a  Bootis . 

Station  No.  5 . 

—  2  35.  7 

-11  14.1 

Juno  29 

Sun . 

N.  1319  m.s.. 

—  2  29.  8 

-11  16.7 

June  30 

Sun . 

N.  1319  m.  s  .. 

—  2  31.  5 

-11  20.0 

—  2  31.  3 

-11  19.4 

July  2,  a.  m. 

Sun . . 

N.  1319  m.s.. 

—  2  30.  3 

-11  19.5 

July  3,  a.  in. 

Sun . 

—  2  32.  4 

-11  20.  4 

July  6 

Sun . 

—  2  22.  2 

- 1 1  23. 1 

Station  No.  5 . 

July  7,  a.  m. 

Sun . . 

N.  1319  m.s.. 

—  2  18.  9 

-11  23.7 

Station  No.  5 . 

July  8,  a.  m. 

Sun . . 

—  2  19. 1 

-11  23.5 

Station  No.  5 . . 

July  9 

N.  1319  m.s.. 

—  2  17.  3 

—  11  24. 1 

Station  No.  5 . 

July  10,  a.  in. 

2  16.  0 

11  25.  2 

Station  No.  5 . 

July  11,  p.  m. 

Sun . 

N.  1319  m.s.. 

-  2  13.  9 

. 

. 

-11  25.  9 

Station  No.  5 . 

J  uly  12 

N.  13t9  m.  s 

2  14  8 

11  27.  5 

Station  No.  5 . 

2  14  0 

11  28.  2 

Station  No.  5 . 

July  14,  a.  m. 

N.  1319  m.  s  . 

2  12  9 

11  30.  0 

Station  No.  5 . 

-11  31.4 

Turtle  Mountain  Depot . . 

July  22 

a  Aquilra . 

-  4  55.  3 

49  03  14 

6  39  22 

a  Bootis . 

Temporary  Camp . 

July  28 

a  Aquilse . 

N.  1319  m.s.. 

-11  28.4 

49  05  00 

6  44 [32] 

Station  No.  7 . 

49  01  50 

6  45  52 

90  03  5 

Station  No.  7 . 

Aug.  1 

12  01.  8 

22  05  5 

Station  No.  7 . 

Aug.  2 

-  1 1  58.  5 

29  05  3 

Station  No.  7 . . 

Aug.  6 

N.  1319  m.s.. 

11  55  3 

—22  11.  8 
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Sextant  Time — Continued. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longi¬ 

tude. 

Correction 
to  1481. 

m.  s. 

o  /  // 

h.  m.  s. 

m.  s. 

Aug.  7 

Sun . 

N.  1319  m.  s  . . 

-11  54.0 

49  01  50 

22  13  6 

N.  1319  m.  s  . . 

—18  21.2 

48  58  18 

6  52  44 

90  17  6 

N.  1319  m. s  . 

—  18  17.3 

99  19  7 

—  17  52.3 

—17  50.1 

17  49.  0 

48  58  18 

6  59.  44 

Temporary  Camp . 

Sept.  l,p.  m. 

Sun . 

N.  1319  m.  s  .. 

-19  16.1 

49  01  30 

6  54 [27] 

-31  05.0 

Near  camp . 

29  24  0 

48  58  09 

6  55  [30] 

21  10  8 

49  DO  40 

6  5fi  °9 

Station  No.  10 . 

Sopt.  5,  a.  m. 

Sun . 

N.  1319  m.s 

-21  [13.0] 

-33  [16.  3] 

Station  No.  10 . 

Sept.  6 

N.  1319  m.  s  . 

—21  06.  6 

33  12  3 

21  04.4 

40  00  40 

6  56  29 

N.  1319  m. s  . 

20  09.2 

48  58  30 

6  55 [30] 

39  91  0 

-20  06.8 

48  58  30 

6  55  [30] 

-32  22.  5 

—24  12. 1 

49  01  00 

6  58 [32] 

Station  No.  11 . 

N.  1319  m.s.. 

-35  02.  5 

49  CO  55 

7  00  49 

Sept.  14 

N.  1481  sid  . . , 

—37  40.8 

19  00  55 

—37  40.  8 

N.  1319  m.  s  . 

-25  06.  9 

49  00  10 

—37  46.  7 

Sept.  16 

N.  1319  m.s. 

-21  59.2 

—  37  44.  5 

Sept.  16 

a  Bootis . 

N.  1481  sid.. 

-37  39.  8 

-37  39.  8 

Sept.  17 

a  Bootis . 

N.  1481  sid  . .  - 

-37  42.  5 

49  00  10 

7  00  49 

-37  42.  5 

a  Andromedm. 

Sept.  20 

a  Bootis . 

N.  1481  sid  . . 

-41  37.7 

49  00  00 

7  04  50 

-41  37.  7 

Sept.  21 

N.  1319  m.s  .. 

-23  39.0 

48  59  30 

-41  40. 1 

Sept.  22 

Sun . 

N.  1319  m.  s  . . 

-28  34.  0 

-41  37.  6 

Sept.  28.5 

N.  1319  m.s.. 

-27  58.6 

48  59  30 

7  04  50 

-41  25.6 

Oct.  6 

N.  1481  sid  ... 

—28  C5.  3 

49  02  40 

6  51 [50] 

—28  05.3 

a  Andromedm. 

1873. 

UNITED  STATES  NOBTHEBN  BOUNDABY. 

Determination  of  chronometer  corrections  and  resulting  corrections  of  Sidereal  Chronom¬ 
eter  Negus  1513,  used  with  Zenith  Telescope  for  determination  of  Latitude. 


SEXTANT. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longi¬ 

tude. 

1 

Correction 
to  1513. 

h.  m.  8. 

o  in 

h.  m.  s. 

m.  s. 

1ST.  1319  m.  s 

-f  3  25.  9 

48  56  45 

6  28  55 

—  1  48.  8 

Juno  3 

N.  1514  sid  . . 

+  0  30.  5 

a  Bootis . 

4-  3  24.  9 

48  56  45 

6  28  55 

1  48.  0 

4-  3  33.8 

48  56  51 

6  28  55 

—  1  50.  4 

June  9 

N.  1514  sid  . . 

+  0  28.  5 

48  56  51 

6  28  55 

—  1  51. 2 

a  Aquilse . 

June  10.  4 

—  i  17: 2 

49  00  04 

6  30  41 

—  3  36.  7 

a  Lyrse . 

—1  17  30.  7 

49  00  04 

6  30  41 

-  3  36.  5 

Judo  13 

B. 188  m. s. . . 

—1  17  30.  9 

49  00  04 

6  30  41 

3  35.7 

a  Bootis . 

—1  17  31.  4 

49  00  04 

6  30  41 

—  3  37.  0 

June  19 

—1  17  31.7 

49  00  04 

6  30  41 

—  3  37.  8 

/?  Leonis . 

—1  19  47.3 

48  58  45 

6  32  58 

—  5  54.  3 

K  1513  sid  . . 

—  6  00.  4 

48  59  53 

6  33  04 

—  6  00.  4 

a  Bootis . 

—1  19  52.5 

48  59  52 

6  33  04 

—  6  03.  0 

—1  19  55.  5 

48  59  52 

6  33  04 

—  6  05.  5 

July  9 

—1  22  29.  2 

48  59  58 

6  35  39 

—  8  39.  4 

July  13.5 

—1  26  14.  7 

49  03  15 

6  39  22 

—12  24.  4 

July  18 

Sun . 

—1  £6  19.  1 

49  03  15 

6  39  22 

—12  25.  8 

a  Aquil® . 

a  Bootis . 

Turtle  Mountain  Depot . 

July  23 

San . 

B.  188  m.  3. .. 

—1  26  26.  3 

49  03  15 

6  39  22 

—12  27.  8 

July  25 

N.  1513  sid  . 

14  38.0 

49  08  14 

6  41  34 

—14  38.0 

a  Bootis . 

Station  No.  6 . 

July  26.  5 

Sun  . . .'. 

B.  188  m.  s  .. 

—1  29  08.  9 

48  59  45 

6  42  04 

—15  09. 2 

a  Andromed®  . . 

July  29 

—1  29  10.9 

48  59  42 

6  42  04 

—15  09.8 

a  Bootis . 

—1  29  12.6 

48  59  42 

6  42  04 

—15  09.  4 

a  Bootis  . 

Aug.  5 

—1  29  14.3 

48  59  42 

6  42  04 

—15  11.  4 

a  Bootis . 

Aug.  8 

B. 188 m.  s. .. 

—1  29  15.7 

48  59  42 

6  42  04 

—15  12.  4 

a  Bootis . 

Aug.  16.  45 

—1  36  56.  6 

49  01  02 

0  49  45 

—22  50. 1 

a  Bootis . 

a  Andromeda)  .. 
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Sextant  Time — Continued. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longi- 

tude. 

Correction 
to  1513. 

h.  m.  s. 
-1  3G  57.  9 

o  t  n 

49  01  02 

h.  m.  s. 

6  49  45 

m.  s. 
—22  50. 1 

a  Bootis  . 

a  Andromed®  .. 

N.  1513  sid.. 

Aug.  26.  4 

B.  188  m.  s. .. 

—1  36  54.2 

49  01  02 

6  49  45 

—22  47.  4 

a  Andromeda?  .. 

“Wood  End  Depot  Camp . 

Aug.  28.3 

aBootia . 

a  Andromeda?  .. 

N.  1513  sid  . . 

—  25  03. 6 

49  01  3G 

6  51  58 

—25  00.  6 

Sept  G 

N.  1513  sid  .. 

—  24  55. 4 

49  01  36 

6  51  58 

—24  55.  4 

a  Andromed®  . . 

1874 


UNITED  STATES  NORTHERN  BOUNDARY. 


Determination  of  Chronometer  corrections ,  and  correction  of  Chronometer  Negus  1513, 

u'henever  used  in  Latitude  worlc ,  49th  parallel. 

SEXTANT. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longt- 

tudo. 

1513correc- 

tion. 

m.  s. 

O  t  // 

h.  m.  s. 

m.  s. 

H-20  03.2 

47  59  07 

6  55  52 

-f20  00.5 

N.  1319  m.  s.  . 

4‘20  08.  0 

N.  1481  titl... 

—38  43.  8 

a  Bootis . 

N.  1319  m.  s. . 

+20  09.  6 

N.  1319  m.  s. .. 

— |— 17  50.8 

48  09  10 

6  58  18 

4-16  39.  8 

48  08  38 

6  59  35 

Sun .  . . 

+15  36.2 

48  07  58 

7  00  40 

a  Aquilie  . 

N.  1513  sid.... 

-  8  08. 1 

48  04  55 

7  04  02 

-08  03.1 

a  Bootis . 

410  00.  9 

48  16  18 

7  06  23 

July  2 

4  8  29.  8 

48  29  37 

7  07  58 

4  8  10.  0 

48  42  50 

7  08  20 

July  4 

N.  1513  sid _ 

—  12  53.4 

48  44  05 

7  08  47 

-12  53.  4 

a  Bootis . 

July  5 

N.  1513  sid _ 

-13  42. 7 

48  58  08 

7  09  35 

-13  42.  7 

a  Bootis . 

July  8 

a  Cygni . 

N.  1513  sid.... 

-13  42.0 

48  58  08 

7  09  35 

-13  42.0 

a  Bootis . 

Sun . 

N.  1319  m.  s. . . 

+  3  52.  7 

49  00  03 

7  12  52 

-16  59.3 

N.  1319  m.  s... 

4  3  52. 7 

49  00  03 

7  12  52 

-16  58.7 

July  12 

c i  Cygni . 

N.  1513  sid.... 

-16  58.  4 

49  00  03 

7  12  52 

-16  58.4 

a  Bootis . 

July  15 

N.  1319  m.  s. . . 

-  0  46.  4 

49  00  03 

7  17  06 

-21  44.  3 

a  Bootis . 

July  20 

N.  1513  sid _ 

-21  46.4 

49  00  03 

7  17  36 

-21  46.  4 

a  Bootis . 

—  3  43.  4 

48  59  55 

7  20  41 

-24  49.  9 

July  25 

N.  1319m.  s... 

-  3  41.  2 

48  59  55 

7  20  41 

-24  50.  2 

a  Bootis . 

TemporaryStation,  nearNo.17 

July  27 

a  Bootis  . 

N.  1513  sid.... 

-27  38.  3 

48  56  24 

-27  38.  3 

—  7  39.  9 

48  59  06 

7  21  44 

-28  55.  3 

N.  1319  m.  8... 

—  7  34. 1 

48  59  07 

7  24  44 

-29  00.  5 

N.  1513  sid  .. 

—30  26.  9 

49  01  13 

7  26  10 

-30  26.  9 

Station  No.  18 . 

Aug.  8 

Sun . 

N.  1319  m.  8... 

-10  48.  7 

49  01  00 

7  28  03 

-32  24.8 
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Sextant  Time — Continued. 


Station. 

Date. 

Objects. 

Chronometer 

used. 

Observed 

correction. 

Latitude. 

Longi¬ 

tude. 

15 15  correc¬ 
tion. 

on.  s. 

0  ft/ 

h.  m.  s. 

m.  s. 

—  14  33.  6 

49  00  00 

7  31  55 

—36  19.  0 

N.  1513  sid _ 

—40  04.  5 

49  03  02 

7  35  33 

-40  04.5 

a  Andromedse  .. 

N.  1513  sid... 

—  40  03.8 

49  03  02 

7  35  33 

—  40  05.  8 

a  Andromedse . . . 

—  40  06.7 

49  00  00 

7  35  33 

—40  06.  7 

N.  1513  sid.... 

-40  00.2 

49  00  04 

7  35  33 

—  40  09.2 

Sept.  1 

N.  1513  sid _ 

—30  49.4 

49  01  08 

7  20  09 

—30  49.  4 

a  Andromedas... 

Port  Benton . 

Sept.  10 

a  Andromeda}.. . 

N.  1513  sid.... 

-27  24.  2 

47  48  50 

7  22  39 

-27  24. 2 

a  Cor.  Bor . 

a  Ophiuolii . 

N  B - 13 


1872. 

UNITED  STATES  NORTHERN  BOUNDARY. 

Declinations  adopted  in  reducing  observations  for  Latitude. 


B.  A.  C. 

No. 

Declinations. 

Proper 

motion. 

B.  A.  C. 

No. 

Declinations. 

Proper 

motion. 

o 

/ 

// 

// 

o 

/ 

// 

// 

6553 

32 

18 

05.05 

+  0.018 

8344 

60 

30 

35.40 

-  0.046 

6586 

65 

45 

51.  78 

+  0.007 

8306 

60 

36 

03.  66 

-  0.035 

6624 

40 

07 

37.06 

40 

60 

49 

18.20 

-  0.045 

6681 

■57 

46 

11.75 

+  0.007 

67 

37 

15 

34.15 

-  0.007 

6728 

43 

25 

14.20 

-  0.044 

120 

32 

52 

29.42 

-  0.051 

6748 

54 

40 

27.53 

4-  0.134 

175 

65 

26 

42.51 

+  0. 050 

6780 

57 

42 

43.81 

-  0.007 

198 

47 

35 

00. 36 

-  0.000 

6617 

40 

16 

31.70 

219 

50 

16 

09.  92 

-  0.03 

6037 

36 

27 

51.  06 

+  0. 031 

6970 

61 

41 

28.95 

+  0.  049 

239 

60 

25 

17.69 

4-  0. 146 

259 

37 

48 

16. 18 

-j-  0.  018 

7024 

61 

51 

05. 11 

+  0.015 

12- Yr.  73 

67 

05 

45.39 

-  0.015 

7073 

36 

01 

42.  79 

4-  0.  018 

345 

30 

44 

36. 35 

-  0.000 

71C0 

42 

45 

22.  04 

+  0.  053 

401 

28 

04 

06. 32 

-  0. 112 

7166 

55 

33 

16.22 

-  0.074 

7215 

57 

07 

15.66 

-  0.245 

438 

69 

36 

16.  50 

-  0.004 

474  . 

48 

04 

04.39 

-  0.053 

7277 

40 

40 

31.  33 

-  0.022 

487 

47 

58’ 

43. 65 

-  -0. 100 

7345 

47 

08 

05.22 

+  0.  009 

522 

50 

02 

34.31 

-  0.022 

7448 

51 

06 

26.96 

5G0 

50 

09 

31.  05 

-  0.040 

7460 

45 

58 

37. 16 

+  0. 106 

7469 

52 

03 

20.  60 

-  0.026 

611 

03 

46 

13.  75 

+  0.02 

656 

34 

22 

50.  86 

-  0.026 

7505 

37 

57 

39. 56 

+  0.  096 

744 

06 

49 

29.67 

-  0.007 

7605 

60 

05 

58.87 

-  0.030 

752 

31 

13 

31. 05 

-  0.036 

7636 

55 

36 

34.35 

-  0.020 

825 

19 

27 

52.53 

-  0.049 

7679 

42 

11 

49.  83 

-  0.003 

7755 

58 

46 

59.94 

-  0.043 

896 

78 

54 

31. 02 

_  0.015 

979 

77 

15 

37. 25 

_  0.066 

7765 

39 

04 

48.  49 

+  0.011 

999 

20 

34 

06.  72 

-  0.068 

7787 

52 

00 

55.  40 

-  0.038 

1101 

31 

15 

02.  09 

-  0.030 

7800 

45 

53 

32.54 

-  0.042 

1127 

66 

17 

48.78 

-  0.107 

7820 

48 

49 

40.45 

-  0.035 

7882 

49 

24 

30.28 

-  0.042 

1203 

62 

41 

37. 13 

-  0.025 

1228 

35 

25 

15.26 

-  0.019 

7962 

41 

16 

34.  03 

-  0.  01 

1254 

50 

00 

03.91 

-  0.068 

8024 

56 

25 

04.  79 

-  0.01 

1287 

48 

04 

53.39 

-  0.026 

8036 

49 

21 

23.  34 

+  0. 1295 

6059 

48 

35 

54.99 

4-  0. 1170 

8083 

56 

27 

42.37 

+  0.  2685 

8128 

41 

22 

38.86 

-f  0.  003 

8206 

30 

37 

08. 11 

-  0.021 

8273 

67 

05 

44.  43 

-  0.006 

8314 

73 

41 

53.  20 

-  0.011 

8324 

24 

25 

48.  42 
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1873. 

UNITED  STATES  NORTHERN  BOUNDARY. 
Decimations  adopted  in  reducing  observations  for  Latitude. 


B.  A.  C. 
No. 

Declination. 

Proper 

motion. 

B.  A.  C. 
No. 

Declination. 

Proper 

motion. 

O 

1 

II 

II 

O 

/ 

II 

n 

4804 

50 

24 

49.84 

_ 

.131 

7605 

60 

06 

13.22 

.015 

4827 

47 

20 

37.33 

— 

.027 

7627 

25 

19 

42.  37 

.  0075 

4807 

38 

20 

07.99 

+ 

.122 

7686 

72 

34 

32. 19 

.  1675 

4918 

59 

48 

39.80 

+ 

168 

7755 

58 

47 

18.  30 

.031 

4937 

50 

08 

55.05 

.232 

7765 

39 

05 

07.44 

_ 

.026 

4974 

48 

08 

59.49 

+ 

.053 

7787 

52 

01 

13.  30 

_ 

.010 

5026 

38 

44 

29.73 

.019 

7800 

45 

53 

51.29 

_ 

.010 

5097 

59 

24 

42.43 

+ 

.032 

7820 

48 

49 

58.64 

_ 

.  0225 

5271 

42 

48 

27.  63 

f 

.586 

7882 

49 

24 

49.  59 

-f 

.004 

5313 

55 

06 

33.  40 

+ 

.103 

7962 

41 

16 

53.26 

.001 

5415 

58 

16 

10. 11 

+ 

.675 

8024 

56 

25 

23.  56 

.030 

5460 

40 

00 

48.42 

.033 

8036 

49 

21 

43.  35 

+ 

.  149 

5502 

55 

29 

39.  82 

— 

013 

8059 

48 

36 

15. 55 

+ 

.  1185 

5523 

42 

09 

45.66 

+ 

.040 

8083 

56 

28 

02.  16 

+ 

.269 

5545 

69 

02 

33.  80 

+ 

.020 

8128 

41 

22 

59.17 

-f 

.011 

5624 

23 

35 

28.  73 

+ 

.031 

8206 

30 

37 

28. 13 

.016 

5644 

42 

27 

58. 60 

.029 

8273 

67 

06 

01.42 

_ 

.006 

•  5658 

55 

38 

07.  53 

— 

031 

8314 

73 

42 

13.  23 

_ 

.0025 

5603 

31 

54 

46.  89 

_ 

.056 

8324 

24 

26 

07.  77 

_ 

.043 

5823 

65 

52 

16. 19 

+ 

.031 

8344 

60 

30 

55.46 

- 

.036 

5853 

49 

49 

42.35 

+ 

.053 

8366 

60 

36 

24.  40 

.003 

5911 

48 

22 

02.  80 

_ 

.023 

46 

60 

49 

38.22 

_ 

020 

6047 

72 

12 

37.  29 

_ 

.279 

67 

37 

15 

53.54 

_ 

.055 

6073 

26 

04 

18.  19 

— 

.010 

120 

32 

52 

49.  48 

+ 

.024 

6114 

76 

53 

40.  40 

+ 

.235 

175 

65 

27 

01.57 

.  038 

6157 

20 

47 

46.  51 

.020 

198 

47 

35 

20.14 

.000 

6268 

39 

26 

21.  56 

+ 

005 

219 

50 

10 

29.04 

_ 

.040 

6289 

58 

43 

39.  93 

+ 

.055 

239 

60 

25 

37.25 

+ 

.116 

6318 

59 

27 

53. 95 

+ 

.023 

259 

37 

48 

35.  84 

+ 

.  0165 

6365 

38 

16 

01. 35 

+ 

.038 

12- Yr.  73 

67 

00 

04.  70 

.015 

6421 

49 

17 

30.01 

+ 

.001 

345 

30 

44 

54.  95 

_ 

016 

6476 

48 

42 

04.  99 

.143 

401 

28 

04 

26.00 

_  • 

.089 

6553 

32 

18 

10.48 

+ 

.018 

438 

69 

36 

36.28 

— 

.047 

6586 

65 

45 

57.  76 

+ 

.007 

474 

48 

04 

23.47 

_ 

.021 

6624 

40 

07 

38.  74 

+ 

.003 

487 

47 

59 

01.  86 

_ 

.  125 

6681 

57 

46 

18.78 

.0174 

522 

50 

02 

52.  55 

_ 

.028 

6728 

43 

25 

22.03 

— 

.044 

560 

50 

09 

49.02 

— 

.051 

6743 

54 

40 

35.  81 

+ 

.134 

611 

63 

46 

31.05 

+ 

.0035 

6780 

57 

42 

51.54 

_ 

.056 

656 

34 

23 

07.59 

.048 

6817 

40 

16 

39.15 

— 

.037 

744 

66 

49 

46.32 

- 

.0035 

6937 

36 

23 

01.47 

+ 

.031 

752 

31 

13 

47.28 

_ 

.038 

6970 

61 

41 

39.74 

+ 

.049 

825 

19 

28 

08. 03 

_ 

054 

7024 

61 

51 

16.11 

+ 

.019 

896 

78 

54 

46.44 

_ 

.015 

7073 

36 

01 

54.  70 

.019 

979 

77 

15 

51.10 

_ 

066 

7100 

42 

43 

36. 32 

+ 

.073 

999 

20 

34 

19.85 

_ 

.081 

7166 

55 

31 

27.  80 

0675 

1029 

25 

12 

12.  39 

— 

103 

7215 

57 

07 

28.  45 

— 

.245 

1067 

72 

54 

46.  70 

— 

.039 

7277 

40 

49- 

44.  75 

— 

026 

1101 

31 

15 

13.  75 

— 

.040 

7320 

3-! 

03 

22.  77 

— 

013 

1127 

66 

48 

00. 56 

— 

.094 

7-Yr.  2395 

59 

43 

03.20 

~ 

.036 

1203 

62 

41 

48.87 

+ 

012 

7377 

59 

27 

53.22 

_ 

.017 

1228 

35 

25 

25.  93 

_ 

011 

7398 

33 

51 

47.05 

— 

023 

1254 

50 

00 

14.32 

_ 

010 

7416 

62 

02 

52.  52 

+ 

031 

1287 

43 

05 

02. 41 

— 

.038 

7453 

36 

07 

10.  53 

.019 

7480 

45 

58 

52.  89 

+ 

106 

7489 

42 

03 

36. 98 

001 

7505 

37 

57 

55.  78 

+ 

085 
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1874. 

UNITED  STATES  NORTHERN  BOUNDARY 


Declinations  adopted  in  reducing  observations  for  Latitude . 


B.  A.  C. 
No. 

Declination. 

Proper 

motion. 

B.  A.  C. 
No. 

Declination. 

Proper 

motion. 

o 

/ 

// 

n 

o 

/ 

// 

// 

5115 

61 

06 

19.  30 

-  .028 

7595 

00 

32 

23.18 

-  .  020 

5178 

37 

02 

45.  88 

-f  .007 

7605 

00 

06 

29.  82 

-  .015 

5971 

42 

48 

17.  32 

-j-  .  586 

7627 

25 

19 

59.15 

-  .0075 

5313 

55 

06 

23.  08 

+  .103 

7686 

72 

34 

49.  28 

-  .1675 

5415 

58 

10 

00.65 

+  .0675 

7755 

58 

47 

35. 94 

-  .031 

5450 

40 

00 

39.  81 

-  .0143 

7765 

39 

05 

25. 14 

-  .026 

5502 

55 

29 

31.  46 

-  .013 

7787 

52 

01 

31.  23 

-  .  010 

5523 

42 

09 

37.  58 

+  .010 

7800 

45 

54 

09.  30 

-  .010 

5545 

69 

02 

26.  08 

+  .0252 

7820 

48 

50 

16.  77 

-  .0225 

5624 

28 

35 

21.  90 

_+  .  031 

7882 

49 

25 

08. 14 

+  -004 

5644 

42 

27 

51.91 

-  .0289 

7907 

74 

42 

59.80 

+  .003 

5(558 

55 

33 

01.  06 

—  .0304 

7945 

22 

54 

11.01 

-  .024 

5693 

31 

54 

41.53 

-  .0128 

7962 

41 

17 

11.96 

-  .0048 

5823 

65 

52 

11.  44 

+  .0138 

8024 

56 

25 

43.43 

-  .0055 

5853 

49 

49 

38.  29 

+  .056 

8036 

49 

22 

02.84 

+  .  149 

5911 

48 

22 

00.19 

-  .1116 

8059 

48 

36 

35.  08 

+  .1185 

0017 

72 

12 

35.  82 

-  .2691 

8083 

56 

28 

21.  95 

+  .2685 

6073 

26 

04 

17.  03 

+  .0096 

8128 

41 

22 

18.  83 

+  .011 

6114 

76 

58 

40.21 

+  .235 

8206 

30 

37 

47.97 

-  .016 

6157 

20 

47 

46.10 

-  .020 

8273 

67 

06 

24.40 

-  .0063 

6206 

79 

58 

53.27 

+  .087 

8314 

73 

42 

33.26 

-  .0025 

6215 

17 

45 

51.80 

-  .034 

8324 

24 

26 

27.  77 

-  .  043 

6208 

39 

26 

23. 13 

+  .002 

8314 

60 

31 

15.  47 

-  .036 

6289 

58 

43 

41.  76 

-+  .052 

8360 

60 

36 

44.45 

-  .003 

6318 

59 

27 

56.21 

+  .0182 

46 

60 

49 

58.24 

-  .020 

6365 

38 

15 

01.  23 

+  .0082 

67 

37 

16 

13.  51 

-  .053 

6421 

49 

17 

35.  00 

+  .00095 

120 

32 

53 

09.44 

+  .024 

6476 

48 

42 

08.  54 

-  .  1349 

175 

65 

27 

21.  36 

-  .038 

6553 

32 

18 

16.  08 

-1-  .0222 

198 

47 

35 

39.  92 

-  .003 

6586 

65 

46 

03.  89 

+  .017 

219 

50 

16 

48.72 

-  .040 

6624 

40 

07 

45.  20 

+  .09262 

239 

60 

25 

57.05 

4-  .146 

6681 

57 

46 

25.37 

-  .0178 

259 

37 

48 

55.44 

+  . 0165 

6728 

43 

25 

30.  23 

+  .0035 

7- Yr.  73 

67 

06 

23. 98 

-  .015 

6748 

54 

40 

44.  39 

+  . 1406 

345 

30 

45 

14.  21 

-  .016 

6780 

57 

43 

00.02 

-  .056 

401 

28 

04 

44.  92 

-  .089 

6817 

40 

16 

43.  08 

-  .037 

433 

69 

36 

55.02 

-  .047 

6830 

47 

36 

26.  38 

-  .012 

474 

48 

04 

42.02 

-  .021 

6865 

59 

33 

52.72 

+  .  011 

487 

47 

59 

20.  25 

-  .125 

6937 

30 

23 

11.  95 

+  .0318 

522 

50 

03 

10.87 

-  .006 

6970 

61 

41 

50. 29 

+  .057 

560 

50 

10 

06.  99 

-  .051 

7021 

Cl 

51 

27.45 

+  .019 

611 

63 

46 

48.69 

+  .0035 

7071 

36 

02 

06.51 

-  .019 

656 

34 

23 

24.  82 

-  .048 

7100 

42 

45 

48. 59 

+  .073 

744 

66 

49 

02.81 

-  .0035 

7166 

55 

33 

40.  31 

-  .0075 

752 

31 

14 

03.  67 

-  .038 

7215 

57 

07 

41.  25 

-  .245 

825 

19 

23 

23.60 

-  .054 

7277 

49 

49 

58.  43 

-  .026 

896 

78 

55 

01.  24 

-  .015 

7320 

38 

09 

37.  01 

+  .  0028 

979 

77 

16 

04.  87 

-  .066 

7-Tr.  2395 

59 

45 

17.  44 

-  .036 

999 

20 

34 

33.  47 

-  .081 

7377 

59 

23 

07.91 

-  .017 

1021 

25 

12 

25.64 

-  .103 

7398 

38 

52 

01.  90 

-  .023 

1167 

72 

54 

59.46 

-  .039 

7416 

62 

03 

07.66 

+  .031 

1101 

31 

15 

26. 07 

-  .040 

7453 

36 

07 

25.53 

-  .025 

1127 

06 

48 

12.  39 

-  .094 

7480 

45 

59 

08.49 

+  .102 

1203 

62 

41 

59.93 

+  .012 

7489 

52 

03 

52.  37 

-  .0103 

1228 

35 

25 

36.64 

-  .011 

7505 

37 

58 

11.  76 

+  .085 

1254 

50 

00 

24.52 

-  .040 

7566 

37 

42 

27.  40 

+  .002 

1287 

48 

05 

12.00 

-  .038 
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18  74 


UNITED  STATES  NORTHERN  BOUNDARY. 


Preliminary  computations  relating  to  Observations  made  at  Port  Buford,  Dale.,  to  determine 
the  value  of  one  revolution  of  micrometer  of  Zenith  Telescope  Wurdemann  No.  20. 

Reduction  of  B.  A.  C.  240  from  mean  place  1850  to  apparent  place  June  14.5,  1874. 

FORMULAE. 

tan  J  (z'  +  z)  =  tan  J  (xp'  —  xp)  cos  J  (e,'  +  eJ 

,  i  W  —  £i) 

“  <z'  —  =  tang  J  (i p>  —  xfi)  sin  4  (£/  +  £0 

sin  J  Q  =  sin  4  (xp'  —  xp)  sin  4  («/  +  £,) 
p  =  sin  Q  (tan  5  +  tan  i  0  cos  A) 


(A'  -  A)  =  . 


y  sin  A 


1  —  p  cos  A 

tan  4  (S'  -  S)  =  tan  4  a  008  *  (A 


A) 


cos  4  (A'  —  A) 


£j  =  230  27'  54",2384 
£/  =  23°  27'  54".2602 


iff  =  41'  58".  72 
xp'  =  62'  07". 51 


log  tan  J  (xp1  —  xp)  =  7.466900 
log  cos  |  (£/  +  £j)  =  9.962512 

log  tan  J  (z'  +  z)  =  7.429412 
4  (z'  +  z)  =  9'  14".42 


log  sin  4  (xp'  —  xp)  =  7.466898 
log  sin  4  (Ej'  +  Ei)  =  9.600090 

log  sin  4  6  =  7.066988 
40=4'  00". 5 


log  tan  4  0  =  7.066988 
log  cos  4  (A'  +  A)  =  9.990808 
log  sec  4  (A'  -  A)  =  0.000014 

tan  4  (d'  -d)  =  7.057810 
i  (S'  -  cl)  =  3'  55".63 

S'  —  S  =  +  7'  51".3 
g'  =  0".5 

<5’  -  <5  =  +  7'  50".8 

<5  =  88°  12'  58".2 
S'  =  88°  20'  49".0 


log  4  (Ef  —  £i)  8.037426  n 

log  tan  4  (xp'  —  xp)  1 
log  sin  4  (e/  +  Ei)  5  =  7.066990 

log  4  (z'  —  z)  =  0.970436  n 
4  (Z'  -  Z)  =  —9". 34 


tan  <5  = 

log  tan  4  0  =  7.066988 
log  cos  A  =  9.991508 

7.058496 


log  32.109  =  1.506627 
log  sin  0  =  7.367720 

log  p  =  8.874347 
log  sin  A  =  9.291894 
a.  c.  log  (1  —  p  cos  A)  =  0.033120 

log  tan  (A'  -  A)  =  8.199361 
(A'  -  A)  =  0°  54'  24" 


7.466900 

z'  = 

9'  05".08 

9.600090 

z  = 

9'  23".76 

A  = 

<x  -f*  Z  -J-  0 

Nat.  No. 

a  = 

00h  44“  32s.41 

32.108 

11°  08'  06" 

Z  = 

+  9'  24" 

6  = 

+  07" 

.001 

A  = 

11°  17'  37" 

A' 

-  A  = 

00°  54'  24" 

32.109 

< 

;  A'  = 

12°  12'  01" 

a  = 

A'  +  z'-O 

z'  = 

+  09'  05". 1 

1 

1-9  = 

-  09".  8 

a  = 

12°  20'  56".3 

— 

0011  49m  239.75 

T  U.'  — 

+  2S.78 

a '  = 

00b  49“  26s. 53 

Mean  1874.0  = 

12°  21'  38",0 

Formulae  for  apparent  A.  R.  and  S : 

a'  —  d  =  /  -(-  t  n  +  p  sin  (G  ■ 


a)  tan  <?  +  h  gin  (£r  . 


a) 


Bee  S 

15 


(in  time) 


S'  —  S  =  r  n'  -f  g  cos  ((?  +  a)  +  h  cos  (Jf  -f  a)  sin  6  +  i  cos  6  (in  arc) 
June  14.5 :  S  83°  20'  36" 


A.  R.  =  12°  14'  48" 
=  00h  48“  59\2 


Zen.  dist.  and  cliron.  time  of  elongation  computed  by  formulae  as  follows: 

tc  =  cot  S  tan  <p  02  =  cosec  <5  sin  <p  Te  =  (time  elong.)  =  A.  R.  —  (cliron.  corr’n)  —  te 

Microm.  values  computed  by  formnl®  as  follows : 

z"  =  seconds  of  arc  in  direction  of  vertical  from  elongation,  t  =  diff.  of  elong.  and  time  of  observation. 

z"  =  C03  ^  11 1,  for  wbicb  may  bo  written  z"  =  15  cos.  <J  [t  —  4  (15  sin  1")  2  t3],  in  which  t  is  in  soconds  of  time, 

sin  1" 

4  (15  sin  1")  2 13  —  “corr’n  to  motion  in  vertical”.  Corr’n  for  level,  ±  [4  (n  —  s)  —  4  (»o  —  *o)]  cos  g 


197 


SUMMARY  OF  ASTRONOMICAL  STATIONS  OBSERVED  BY  THE  BRITISH  ASTRONOMICAL 

PARTIES. 


No. 

Position. 

Observer. 

Latitude. 

GC 

£-( 

U-t 

o 

6 

Jzj 

No.  of  observa¬ 

tions. 

Probable  error, 

single  obser¬ 

vation. 

Probable  error, 

final  result. 

o  /  u 

// 

1  A 

49  22  19. 137 

33 

66 

.  131 

1 

48  59  47.  451 

43 

93 

.088 

2 

Featherstoukaugk . 

49  00  28.  39 

42 

66 

.  109 

3 

Galwey . 

48  59  54. 399 

35 

78 

.  101 

4 

Red  River . . 

Featkerstonhaugh . 

49  00  00.95 

31 

77 

.093 

5 

Pointe  Michel . . 

Gal  we  v . 

48  59  57.274 

26 

74 

.  14 

c 

Featherstonhaugb . 

49  00  03.272 

41 

93 

.  104 

9 

Sleepy  IIollow. 

Galwey  . . . . 

49  00  14. 183 

38 

92 

.089 

10 

Featherstonhaugb . 

48  59  57.25 

40 

86 

.  103 

12 

Souris  River  1st  .. 

Galwey  . . 

49  00  17.701 

39 

92 

.07 

14 

Souris  River  2d . 

_ do. . . . 

48  59  58.  963 

49 

97 

.  11 

16 

Short  Creek . 

Featherstonhaugb . 

49  00  28.  41 

47 

99- 

.  107 

18 

Coteau _ _  ...... . 

Galwey . . . 

49  00  54.462 

38 

91 

.07 

20 

Featherstonhaugb . 

49  00  04.658 

34 

70 

.093 

22 

Porcupiue  Riv*r  . .. . 

Galwt  v. _ _ _ 

43  59  59.  615 

35 

78 

.097 

24 

Featherstonhano-h . 

48  59  49.521 

37 

69 

.  0S1 

26 

Galwey . 

49  01  00.123 

33 

87 

.  076 

28 

Featherstonhaugb . 

48  48  44. 237 

35 

66 

.  058 

30 

West  Fork _ _ _ 

Galwey  . . . . 

48  59  55.  985 

36 

80 

.064 

32 

Milk  River . 

Featkerstonhaugh . 

48  59  48.274 

40 

65 

.067 

34 

West  Butte _ _ 

Galwey . . . 

49  00  12.068 

40 

85 

.052 

36 

Milk  River . 

Feat  k  e  rs  t  on  ha  u  °  h . 

48  59  58, 667 

34 

68 

.  067 

38 

Chief  Mountain . 

Galwey . . 

49  00  04.019 

41 

83 

.051 

39 

Belly  River . 

Featherstonhaugb . 

49  04  03.  48 

28 

76 

.092 

Abstract  of  Appendix  C  to  report  of  Capt.  TF.  J.  Twining ,  Chief  Astronomer. 

ALTITUDES  OE  ASTRONOMICAL  CAMPS,  &c. 


Camps,  &c. 

Latitude. 

Lorgitudc 
west  of 
Greenwich. 

Above 
Station 
No.  1. 

Above 

sea. 

Location  of  camp. 

o  /  // 

c  /  n 

Feet. 

Feet. 

Station  No.  1 . 

49  00  00 

97  13  51.5 

788.  0 

Boundary-line,  west  bank  of  Red 
River. 

Station  No.  2  east . 

49  00  00 

95  17 

246.  3 

1031.2 

On  boundary-line,  at  Lake  of  the 
Woods. 

Station  No.  3  east . 

49  CO  00 

168.6 

956.6 

On  boundary-line,  16  miles  east  of 
Red  Rivt  r. 

Station  No.  4  east . 

49  CO  00 

96  47 

206.6 

994.6 

On  brundary-line,  20.5  miles  east 
of  Red  River. 

Station  northwest  angle 

49  22  20 

95  09 

252. 5 

1040.  5 

Transit  post  near  landing,  North¬ 
west  Angle,  Lake  of  the  Woods. 

Lake  of  the  Woods . 

49  00  00 

243.4 

1031.4 

Water  surface — mean  of  Station  No. 

2  and  Northwest  Angle. 

19S 
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Abstract  of  Appendix  C,  &c.— Continued. 

ALTITUDES  OE  ASTRONOMICAL  CAMPS,  <fcc. 


Camps. 

Latitude  of  camps. 

c 

■43 

0C  ~ 

EX 

JO  ^ 

x  © 

P 

Above  Wood  End, 

Camp  No.  1. 

f  5 
< 

o  /  // 

o  /  /' 

Red  River. _ 

49  00  00.00 

Fort  Pembina  . .. 

Station  No.  2 _ 

49  00  00.  00 

97  40  25.4 

Station  No.  3 _ 

49  00  00.  00 

98  00  33.  4 

Station  No.  4 _ 

43  59  51.  55 

98  16  06.  8 

Station  No.  5 _ 

49  00  00.  00 

93  54  52.  9 

Station  No.  6 _ 

48  59  53. 76 

100  31  15.7 

Station  No.  7  .. .. 

49  01  48.76 

101  28  05. 4 

. 

Station  No.  8 _ 

•  49  01  01. 63 

102  26  28.2 

Wood  End,  No.  1. 

Wood  End'  No.  2. 

Station  No.  9 _ 

48  58  10.  29 

103  11  14.7 

Station  No.  10  . .. 

49  00  44.73 

104  05  37. 9 

377.  5 

■Station  No.  11  . .. 

49  01  09. 11 

105  12  26.  0 

717.6 

Station  No.  12  . .. 

43  59  28.  90 

106  12  39.  5 

1131.  0 

748.0 

790.0 

843.7 

1030. 1 

1531.  0 

1552. 2 
2093. 0 

1645.0 
1985.  4 

1817.3 
1745.  3 
1980.  7 
2145.  5 
2532.  6 
2861. 8 


Location  of  camp. 


Red  River  at  Pembina. 
Barometer  at  Fort  Pem¬ 
bina. 

Near  Pembina  River. 

East  slope  of  Pembina 
Mountains. 

West  slope  of  Pembina 
Mountains. 

Long  River. 

West  slope  of  Turtle 
Mountain. 

On  South  Antler  Creek. 
Pool  ol  prairie. 

On  Mouse  River. 

Do. 

Do. 

In  Coteau  of  the  Missouri. 
Camp  at  Bully  Spring. 
Near  Poplar  River. 


Camps,  &c 

6 

>5 

c 

43 

<E 

N 

r—  ZZ 

q  © 

© 

■&o 

Fort  Benton . 

Station  No.  13 . 

Station  No.  14 . 

Station  No.  15 . 

Station  No.  16 . 

Station  No.  17 . 

British  depot _ 

o  /  // 

47  48  50.  00 

48  58  09. 10 

49  00  02.95 
49  00  01.86 
48  59  55.  39 
48  59  06.  30 

o  /  // 

110  39  43.0 

107  23  53.8 

108  13  15.5 

109  24  14.5 

110  10  26.7 

111  11  10.2 

United  States  camp 
British  mound . 

Do . 

49  01  08.  40 
49  00  00.  00 

49  00  00.  00 
49  0L  01.42 

48  59  59.  31 

49  00  04.  00 

Station  No.  18 . 

Station  No.  19 . 

Station  No.  20 . 

112  00  51.7 
112  58  58. 5 

Above  Fort  Benton. 

cs 

© 

QC 

© 

> 

< 

Location  of  camp. 

2674.  0 

On  Missouri  River. 

192.0 

2866.  0 

Right  bankofFrenchman’sCreek. 

267.8 

2941. 8 

Pool  on  prairie. 

100.0 

2770.  0 

East  Fork  of  Milk  River. 

148.7 

2822. 7 

Milk  River  lakes. 

1049.  0 

3723. 2 

Near  East  Butte,  Sweetgrass 
Hills. 

1063.  4 

3737.  4 

Near  Sweetgrass  Hills. 

1086.  3 

3760. 3 

Do. 

1654.  3 

4328.  3 

British  West  Butte  astronomical 
station. 

1620.  0 

4294.  0 

7,124  feet  west  of  above. 

827.2 

3501.2 

Red  River  (branch  of  Milk  River). 

1641.3 

4315.  3 

North  Fork  of  Milk  River. 

1539.  4 

4213.4 

West  shore  of  Chief  Mountain 
Lake. 

CONNECTION  OF  ASTRONOMICAL  STATIONS 


DETAILS  OF  UNITED  STATES  TANGENT  LINES. 


UNITED  STATES  TANGENT  No.  1. 

Winter  1873-’74. 

'om  Joint  Astronomical  i Station  at  Bed  Biver  to  British  Astronomical  Station,  Lieuten¬ 
ant  Galwey ,  at  West  Boseau. 


[Observer,  Lieut.  F.  Y.  Gieeue. — Transit  'Wurdemann  8-in.  No.  71.] 
AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

A  zimuths. 

Novomber  6 

C  Initial  point  61.  3  feet 
[  north  of  49°. 

5,280  feet  west  of  in¬ 
strument. 

QO  OO  00  GO 

<3  UrsaeMinoris...W.E. . 
51  Cephei  ...nearE.  E.. 
Polaris  ...nearU.  O.. 
Polaris  . .  .near  U.  C . . 

0  III 

270  01  09.  0 
06.4 
02.0 
08.3 

32 

270  01  06.3 

The  tangent  prolonged  to  the  west  passed  through  a  point  1.7  feet  south  of  the  mark. 

The  mounds  on  this  tangent  were  built  before  azimuth  observations  were  taken  at  the  eastern  extremity. 
These  observations  gave  the  error  of  the  tangent  in  azimuth  1'  32",  the  line  running  south  of  east.  This 
error  was  corrected  in  placing  the  iron  pillars. 


STATION  ERROR. 

Computed  offset  due  to  108,011  feet .  320. 2 

Initial  point  was  north  of  49° .  .  61.  3 

To  keep  in  cutting,  offset  was  made  to  south .  35. 

-  26.3 


293.9 


The  measured  offset .  166. 1 

Station  error,  West  Roseau  Astronomical  Station,  south.  127. 8 

TANGENT  LINE  AND  MOUNDS. 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset.! 

Station  error. 

Error  of  initial 
point. 

Change  of  line. 

Final  offset. 

Remarks. 

.17.  Gh. 

1  00 

Lks 

00 

Feet. 

5,280 

4* 

0.8 

6.2 

61.3 

+ 

66. 7  south. 

Iron  pillar,  west  385  feet. 

2 

00 

00 

10,560 

3. 1 

12.4 

61.3 

70.  6  south. 

Do. 

3 

00 

CO 

15  840 

6.9 

18.7 

61.3 

73. 1  south. 

Do. 

4 

00 

00 

21,120 

12.2 

24.9 

61.3 

74.  0  south. 

Do. 

5 

00 

00 

26,400 

19.  1 

31.2 

61.3 

73.  4  south. 

Do. 

6 

00 

00 

31,680 

27.6 

37.4 

61.  3 

71. 1  south. 

Do. 

7 

00 

CO 

36,960 

37.5 

43.  6 

61.3 

G7.  4  south. 

Do. 

8 

00 

00 

42,240 

49.0 

49.  9 

61.3 

62.  2  south. 

Do. 

9 

00 

00 

47,520 

52,800 

62.0 

55.2 

61.3 

54.  5  south. 

Do. 

10 

00 

00 

70.  5 

62.4 

61.3 

47. 2  south. 

I)o. 

11 

00 

00 

58,080 

92.  6 

68.6 

01.  3 

25.0 

12.  3  south. 

Do. 

12 

00 

00 

63,360 

110.2 

74.8 

61.3 

25.  0 

0.  9  south. 

Do. 

13 

00 

00 

68,640 

129.3 

81.1 

Gl.  3 

25.0 

11.9  north. 

Do. 

14 

00 

00 

73,920 

150. 0 

87.3 

61.3 

25.0 

26. 4  north. 

Do. 

15 

00 

00 

79,200 

172.  2 

93.5 

61.3 

25.0 

42.  4  north. 

Do. 

16 

00 

00 

84.480 

19.").  9 

99.  7 

61.  3 

35.0 

69.  9  north. 

Do. 

17 

00 

00 

89,760 

220.  5 

106.  0 

61.  3 

35.0 

88. 2  north. 

Do. 

18 

00 

00 

95.040 

248.  0 

112.3 

01.3 

35.  0 

1 09.  4  north. 

Do. 

19 

00 

00 

100,320 

276.3 

118.5 

61.3 

35.0 

131.  5  uorth. 

Do. 

20 

00 

00 

105,600 

306.  1 

124.  7 

61.3 

35.0 

155. 1  north. 

Do. 

20 

36 

53 

108,011 

320.2 

127.8 

01.3 

35.0 

lf>6.  1  north. 

Do. 
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UNITED  STATES  TANGENT  No.  2. 

Winter  1873-’74. 

From  West  Boseav  Astronomical  Station  to  Fine  Ridge  Astronomical  Station. 

This  tangent  was  ran  in  three  parts.  First  part,  from  West  Ilosoan  Astronomical  Station  to  Point  D’Orme;  second  part, 
from  Point  D'Orme  to  Forty-mile  Station  ;  third  part,  from  Forty-mile  Station  to  Pine  Ridge  Astronomical  Station. 

[Observer,  Lieut.  F.  V.  Greene.— Transit  Wiirdemann  8-in.  No.  71.] 

PART  FIRST. -AZIMUTHS. 


Dato. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Nov.  21 

10 

0  Cephei . W.E.. 

o  /  // 

4  52  10.  3 

Nov.  21 

10 

Polaris . U.  C.. 

51  59.8 

Nov.  21 
Nov.  21 

>3.9  feet  north  of  49° _ 

About  1  mile  north . 

10 

10 

51  Cephei . E.  E.. 

d  Urs®  Minoris  .  ..W.  E. . 

51  38.5 

51  12.8 

Nov.  25 

10 

Polaris _ before  U.  C.. 

50  47.  7 

Nov.  27 

10 

Polaris . near  L.  C-. 

52  32.  5 

60 

4  51  43.  G 

The  above  azimuth  is  that  of  the  Target  from  the  initial  point  of  Part  First,  Tangent  No.  2. 


o  /  n 

The  mean  of  50  angles  between  the  Target  and  Tangent  No.  2 . 85  08  54.  5 

Mean  azimuth  of  mark .  4  51  43.  G 

Azimuth  of  the  tangent .  90  00  38. 1 


[Target. 


Initial  point. 


'  Part  First. 


PART  SECOND. — AZIMUTHS. 


Date. 


Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 


Position  of  instrument. 


Initial  point  of  Part  2, 
>  on  post  established 
by  A.  L.  Russell. 


Position  of  mark. 


Eastof  instrument  4,591 
feet,  and  in  center  of 
cutting. 


No.  of 
readings. 

Star. 

Azimuth. 

10 

Polaris . L.  C . . 

o  /  n 

90  00  19.  8 

10 

Polaris . U.  C.. 

01  39.  3 

10 

1  Draconis . W.  E.. 

00  29.  8 

10 

Polaris . U.  C . . 

00  48. 9 

10 

Polaris . U.  C.. 

01  11.2 

10 

Y  Cephei . W.  E.. 

00  59.  7 

10 

Polaris . U.  (J. . 

01  12.7 

8 

<5  Urs®  Minoris _ W. E.. 

01  23.7 

78 

This  mean  is  the  azimuth  of  the  Part  Second  of  Tangent  2. 
Mean  of  67  angles  between  Tangent  No.  2  and  Target . 

Azimuth  of  Target . 

Mean  of  85  angles  between  Part  First  and  Target . 

Part  First  started  south . . . 


Mean 


True  azimuth  at  69,709  feet . 
Error  in  running  the  line  . . . 


90  01  00  6 


89  57  29. 7 


00  03  30.  9 
89  48  44. 2 


38.1 


270  14  08.  6 
270  13  50.  6 


18.0 


oTarget. 

Part  Second. 


Part  First. 
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United  States  Tangent  No.  2 — Continued. 

PART  THIRD.— AZIMUTHS. 


Dato. 


Dec.  9 
Dec.  9 
Dec.  9 
Dec.  12 
Dec.  12 
Dec.  12 
Dec.  12 
Dec.  12 
Dec.  12 
Dec.  12 
Dec.  12 
Dec.  12 


Position  of  instrument. 


Terminus  of  Part  3, 
40“  05ch.27  east  of 
Pembina. 


Position  of  mark. 


1  Center  of  cutting,  1  mile 
’  east. 


No.  of 
readings. 


10 

10 

10 

10 

5 

10 

10 

10 

10 

G 

10 

10 


111 

The  above  mean  is  the  azimuth  of  Part  Third. 

Mean  of  57  angles  between  Tangent,  Part  Third,  and  Target  , 


Star. 


f  Ursse  Minoris _ U.  C. 

Polaris . near  TT.  C . 

y2  Ursse  Minoris _ I  r.  C . 

1  Draconis . E.  E. 

8  Ursm  Minoris  ...W.  E. 

51  Cephei . E.  E. 

P  Cephei  . W.E. 

P  Ursse  Minoris _ L. O . 

Polaris . near  U.  C . 

A  Draconis . L.  C. 

y2  Ursse  Minoris _ L.  C. 

Polaris . U.  0. 


Mean. 


Mean  of  57  angles  between  Part  Second  and  Target  . 

Azimuth  of  Part  Second . 

True  azimuth  at  distance  of  33,827  feet . . 

Azimuth  too  great  at  Forty-mile  Station . 

Azimuth  too  great  at  Point  D’Orme . 

Error  in  running  line . 


Azimuth. 


o 

f 

// 

89 

43 

64.8 

43 

62.9 

42 

51.5 

43 

51.5 

43 

63.  6 

43 

14.5 

43 

00.6 

42 

44.3 

43 

05.  5 

43 

25.4 

43 

47.  9 

43 

35.  3 

89 

43 

29.0 

89 

34 

50.6 

08 

38.4 

90 

00 

54.7 

270 

07 

43.7 

270 

OC 

24. 

01 

19.7 

1 

00.6 

19.1 

Target. 


Part  Second. 


Part  Third. 


Forty -mile  Station. 
PINE  RIDGE —AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Dec.  20 

C  3.5  feet  south  of  Initial 
{  Point. 

On  tangent,  west  of  in¬ 
strument. 

. 

5 

5 

5 

5 

5 

5 

5 

A  Draconis . L.  C.. 

9  Camelopardalis  ..  .E.  E.. 

a  Ursm  Majoris . L.  C.. 

Polaris . U.  C.. 

Polaris . U.C.. 

r  Draconis  -  -  - . .  \V.  E . . 

8  Ursffi  Minoris _ AV.  E.. 

Mean  . 

Oil ! 

270  00  17.  3 
35.8 
44.  5 

4  L.  6 
270  00  48.  4 
269  59  53.  0 
(  0  78.  5 

35 

270  CO  37.  0 

The  mean  is  the  azimuth  of  the  Tangent  at  the  Terminal  Point. 

Azimuth  of  Tangent  at  Forty-mile  Station . 

Az'muth  due  to  distance,  87,915  feet . . . 


269  41  29. 0 
269  43  2 1.  2 


Azimuth  of  Tangent  Terminal  Point 


4.8 

270  00  37.  0 


Azimuth  error  in  running  line 


32.  2 


Note. — This  tangent  was  traced  during  the  winter  of  1872— ’73  by  the  English  commission  and  was  in  three  parts.  The 
first  was  from  West  Roseau  to  Point  D’Orme,  run  by  Captain  Featherstonhaugb,  R  E.  At  Point  D’Orrao  was  a  meridian 
connecting  this  part  with  Part  Second  from  Point  D’Orme  to  near  t  he  Forty-mile  Station,  which  was  run  by  Mr.  A.  L.  Russell, 
surveyor,  N.  A.  15.  C. 

At  Forty-mile  Station  was  a  meridian  connecting  Parts  Second  and  Third,  the  latter  being  run  from  Pine  Ridge 
Astronomical  Station  westward  by  Captain  Featherstonhaugb,  R.  E. 

Lieutenant  Giaene  made  use  of  the  English  cuttings  through  the  timber.  Observations  for  azimuth  being  difficult  to 
obtain,  owing  to  cloudy  weather  and  extreme  cold,  one  azimuth  was  determined  at  each  joint,  while  the  other  was  deter¬ 
mined  by  repetition  of  angles. 
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United  States  Tangent  No.  2 — Continued. 


STATION  ERROR. 


Feet. 

Part  First . length,  69,709.2 

Feet. 

Computed  offset .  133.  4 

Initial  Point  north  of  49° .  3. 9 


Terminal  Point  south  of  49° .  129.  5 

Measured  offset  between  Parts  1  and  2 . 316.  8 


Part  Second . 

Initial  Point  north  of  49°  ... 
Computed  offset . 

Terminal  Point  north  of  49° 


. length,  33,827.6 

187.3 

31.3 

-  Feet. 

.  156.0 


Part  Third . length,  87,914.6 

Initial  Point.,  Pine  Ridge  north  of  49° .  59. 6 

Computed  offset . 212. 2 


Terminal  Point  south  of  49° . 152.  6 

Measured  offset  between  Parts  2  and  3 .  371. 6 

Terminal  Point  of  Part  Second,  north  of  49° . . 219. 0 


Station  error  of  West  Roseau,  north .  63. 0 

Note. — This  is  the  station  error  given  by  the  tangent  without 
taking  its  azimuth  into  consideration,  and  is  used  correctly 
in  computing  the  intermediate  offsets  to  the  parallel,  since 
the  offsets  are  measured  from  the  tangent  itself  as  run.  It 
is,  however,  not  the  true  station  error. 


Part  First  deviates  to  the  south  of  the  true  tangent  49".3, 
which  in  a  length  of  69,709.2  ft.  gives .  16.  6  south. 

Part  Second  deviates  to  the  south  1'  12",3,  which  in  a 
length  of  33,827.6  ft.  gives .  15. 3  south. 

Part  Third  deviates  to  the  south  23".7,  which  in  a  length  of 
87,914.6  ft.  gives .  10. 1  south. 

The  tangent,  if  continuous,  would  then  have  been  still  farther  to  tho  north  of 
Pine  Ridge . . .  42.  0 

And  the  true  station  error  is  West  Roseau,  north .  105. 0 


TANGENT  LINE  (PART  FIRST)  AND  MOUNDS. 


Distances  from 
Red  River  Sta¬ 
tion. 

Distances  from 
Initial  Point. 

Computed  offset. 

Station  error. 

Error  of  Initial 
Point. 

Final  offset. 

Remarks. 

M.  Oh.Lki. 

20  36  53 

21  00  00 

Feet. 

00 

+ 

- 

- 

2,869 

0.2 

0.9 

3.9 

4.  6  south. . 

Iron  pillar,  w»st  385  feet. 

22  CO  00 

8, 149 

1.  8 

2.6 

3.9 

4.  7  south. . 

Do. 

23  00  00 

13,  429 

5.0 

4.4 

3.9 

3.  3  south  - . 

I)o. 

24  00  00 

18,  709 

9.6 

6.  1 

3.9 

0.  4  south.. 

Do. 

25  00  00 

23, 989 

15.8 

7.  9 

3.9 

4.  0  north.. 

Do. 

26  00  00 

29,  269 

23.6 

9.6 

3.9 

10. 1  north.. 

Do. 

27  00  00 

34,  549 

32.7 

11.3 

3.9 

17.-5  north.. 

Do. 

28  00  00 

39,  829 

43.  5 

13.1 

3.9 

20.  5  north.. 

Do. 

29  00  00 

45, 109 

55.8 

14  8 

3.9 

37. 1  north.. 

Do. 

30  00  00 

50,  389 

69.7 

10.6 

3.9 

49. 2  north.. 

Do. 

31  00  00 

55,  669 

85.2 

18.3 

3.9 

63.  0  north. . 

Do. 

32  00  00 

60,  949 

102.  0 

20.0 

3.9 

78. 1  north.. 

Do. 

33  00  00 

66,  229 

120.  3 

21.8 

3.9 

94.  0  north. . 

Do. 

33  52  73 

69,  709. 2 

133.4 

23.0 

3.9 

106.  5  north.. 
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United  States  Tangent  No.  2 — Continued. 

TANGENT  LINE  (PART  SECOND)  AND  MOUNDS. 


Distances  from 
Red  River  Sta¬ 
tion. 

Distances  from 
Initial  Point. 

Computed  offset. 

Station  error. 

Error  of  Initial 

Point. 

Final  offset. 

Remarks. 

If.  Ch.Lls. 

Feet. 

34  00  00 

1,800 

o.  1 

0.6 

210.3 

210.  8  south.. 

Earth  mound,  10'  X  6'. 

35  00  on 

7,  080 

1.0 

2.3 

210.3 

211.  6  south.. 

Do. 

36  00  00 

12,  360 

3.5 

4.  1 

210.3 

210. 9  south.. 

Do. 

37  00  00 

17,  640 

7.6 

5.8 

210.  3 

208.5  south.. 

Do. 

38  00  00 

22,  920 

13.2 

7.6 

210.3 

204.  7  south.. 

Do. 

39  00  00 

2?,  200 

20.3 

9.3 

210.3 

199.  3  south.. 

Do. 

40  00  00 

33,  480 

29.  0 

11.0 

210.  3 

192.3  south.. 

Do. 

40  05  27 

33,  827.  6 

31.3 

11.  1 

210.  3 

190. 1  south.. 

TANGENT  LINE  (PART  THIRD)  AND  MOUNDS. 


Feet. 

Distance  between  Parts  2  and  3  at  meridian  of  Eorty-mile  Station .  371. 6 

Computed  offset  from  Part  Second  to  49° .  190.  - 


Offset  from  Part  Third  to  49° .  181.  5 


Distances  from 
Red  River  Sta¬ 
tion. 

Distances  from 
Initial  Point. 

Computed  offset. 

Station  error. 

Error  of  Initial 
Point. 

Final  offset. 

Remarks. 

M.  Ch.  Lks. 
40  05  27 

Feet. 
87, 915 

+ 

212.2 

+ 

28.9 

59.6 

181.  5  north.  . 

41  00  00 

82,  982 

189.  1 

27.2 

59.6 

156.7  north.. 

Earth  mound,  10'  X  6'. 

42  00  00 

77,  702 

165.  7 

25.  4 

59.6 

131.  5  north . . 

Do. 

43  00  00 

72,  422 

143.9 

23.  6 

59.6 

107.  9  north . . 

Do. 

44  00  00 

67, 142 

123.7 

21.9 

59.6 

86.  0  north. . 

Do. 

45  00  00 

61,  862 

104.2 

20. 1 

59.6 

64.  7  north. . 

Do. 

46  00  00 

56,  582 

87.8 

18.4 

59.6 

46.  6  north.. 

Mound  of  tamarack  poles  driven  into  swamp. 

47  00  00 

51,  302 

72.3 

16.7 

59.6 

29.  4  north . . 

Do. 

48  00  00 

46,  022 
40,  742 

58.1 

14.  9 

59.6 

13.  4  noith.. 

Do. 

49  00  00 

45.6 

13.2 

59.6 

0.  8  south. . 

Do. 

50  00  00 

35,  462 

34.5 

11.4 

59.6 

13. 7  south. . 

Do. 

51  00  00 

30,182 

25.0 

9.7 

59.6 

24.  9  south . . 

Do. 

52  00  00 

24,  902 

17.0 

8.0 

59.6 

34.  6  south . . 

Do. 

53  00  00 

19,  622 

10.6 

6.2 

59.6 

42.  8  south. . 

Do. 

54  00  00 

14, 342 

5.6 

4.5 

59.  6 

49.  5  south. . 

Do. 

55  00  00 

9,  062 

2.3 

2.7 

59.6 

54.6  south . . 

Earth  mound,  10'  X  6'. 

56  00  00 

3,  782 

0.4 

1.0 

59.6 

58.  2  south. . 

Do. 

56  57  31 

UNITED  STATES  TANGENT  No.  3. 


Winter  1873-74. 


From  Pine  Ridge  to  Lake  of  the  Woods. 

This  tangent  was  traced  and  cut  through  the  woods  during  the  winter  of  1872-73,  by  the  British  Commission,  and  is  in  two 
parts.  Part  Second,  from  Pine  Ridge  eastward  for  a  distance  of  14  miles  3,382  feet.  At  the  latter  point  a  meridian  con¬ 
nected  Parts  Second  and  First,  which  started  at  the  Lake  of  the  Woods  Astronomical  Station,  and  was  run  westward  17 
miles  1,373  feet.  The  parallel  being  marked  by  mile-posts  by  the  English  parties  from  the  Lake  of  tbe  Woods  Station, 
this  tangent  was  not  traced  by  tbo  parties  of  Lieutenant  Greene  who  observed  for  azimuth  at  Pine  Eidge,  Lake  of  tho 
Woods,  and  the  branch  of  East  Roseau  River  where  the  two  parts  join. 

AZIMUTHS.— AT  PINE  RIDGE -INITIAL  POINT  PART  2. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings 

Star. 

Azimuth. 

Dec.  20 

(  3.5  feet  south  of  Initial 
(  Point,  Tangent  No.  3. 

On  tangent  west  of  in¬ 
strument. 

•1 

5 

5 

5 

5 

5 

5 

5 

A  Draconis . L.  C.. 

9  Camelopardalis  .E.  E.. 
a  Ursae  Majoris.  ..L.  C.. 

Polaris . U.  C . . 

Polaris . .U.  C . . 

t  Draconis . W.  E.. 

6  Ursae  Minoris . .  W.  E . . 

O  1  It 

270  00  17.  3 
35.8 
44.5 
41.  6 
270  00  48.  4 
269  59  53.  0 
60  78.  5 

35 

270  00  37.  0 

This  mean  is  the  azimuth  of  the  mark  placed  west  of  the  instrument,  at  Pine  Ridge.  A 
point  was  determined  cast  of  the  Initial  Point  on  the  prolongation  of  this  lino  with 

90  00  37. 

The  distance  between  this  point  and  the  Thirty-one  Mile  stake  from  the  Lako  of  the  Woods 
Station  was  4.9  feet,  which,  at  the  distance  of  4,755  feet,  gives  an  azimuth  of  1'  02". 5 _ 

1  02.5 

89  59  34.5 

Difference  between  the  Eng’isli  and  United  States  determination  of  Azimuth  Tangent  north  of  east,  25".5. 


AZIMUTHS.— AT  EAST  ROSEAU-PARTS  FIRST  AND  SECOND. 
[Observer,  Lieut.  F.  V.  Greene.— Transit  Wiirdemann  8-in.  No.  71.  J 


Date. 


Dec.  26 
Dec.  27 
Dec.  29 
Dec.  29 
Dec.  29 
Dec.  29 
Dec.  26 
Dec.  29 
Dec.  29 
Dec.  29 


Position  of  instrument. 


Terminal  point  of  Sec¬ 
ond  part. 


Position  of  mark. 


On  tangent,  about  1  mile 
west  of  instrument. 


No.  of 
readings. 


50 


Star. 


Polaris  . 

(5  Ursae  Minoris. 
a  Uisae  Majoris. 
6  Ursae  Minoris. 

Polaris . 

Polaris . 

Polaris . 

Polaris  . 

A  Draconis . 

51  Cephoi . 


L.C.. 
W.  E. . 
.  L.  C . . 
W.E.. 
L.C.. 
W.E.. 
.L.C.. 
W.E.. 
.  L.  C . . 
E.  E . . 


Mcau  . 


True  azimuth  at  a  distance  of  77,302  feet . 

Difference  in  azimuth— United  States  determination — Tangent  south  of  east . 
Tangent  started,  north  of  east . 


Azimuth. 

o  /  n 

270  14  30.  5 

13  57.  0 

14  10.2 

13  52.  G 

•  ST 

14  43.  8 

o 

14  13.7 

15  34.01 

15  25. 1 

16  05. 1 

10  28.  7 

< 

270  15  04.  0 

270  14  35.  6 

28.4 

25.5 

These  differences  being  small  and  in  opposite  directions,  the  English  Tangent  is  considered  straight  and  its  azimuth  correct. 

205 


206 


UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


United  States  Tangent  No.  3. — Tangent  Line. — Continued. 

AZIMUTHS.— AT  LAKE  OF  THE  WOODS  STATION". 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wiirdemann  8-in.  No.  87.] 


Date. 


Dec.  31 


Position  of  instrument. 


^  On  astronomical  post 


marking  49°. 


Position  of  mark. 


Two  miles  west  of  in¬ 
strument. 


No.  of 
readings. 


10 

10 


20 


Star. 


51  Oephei . E.  E. 

<5  UrssB  Minoris.  W.  E. 


Mean  . 


Difference  in  azimuth  between  the  United  States  and  English  determinations— tangent 

south  of  west,  Initial  Point  Part  First . 

Initial  Point  Part  Second,  azimuth  observed . 

Mean  of  20  angles  between  Part  Second  and  meridian . 


Azimuth  of  meridian . . . 

Supplement  of  mean  of  20  angles  between  meridian  and  Part  First . 

Azimuth  of  Part  First,  Terminal  Point . 

True  azimuth  at  distance  91,133  feet . 


Difference  in  United  States  and  English  determinations — Tangent  north  of  west. 


Azimuth. 


209  59  26.  5 
03.2 


209  59  14. 8 


45. 2 
270  15  04!  0 
90  17  22. 9 


179  57  41.1 
90  14  12.  7 


89  43  28.  4 
89  42  48.  0 


40.4 


UNITED  STATES  TANGENT  No.  1. 

1873. 

From  Joint  Astronomical  Station  JVo.  1  to  Joint  Astronomical  Station  No.  2. 


[Observer,  Lieut.  E.  Y.  Greeno. — Transit  'Wurdemamn  8-in.  No.  71.] 
AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Nov.  6 

C  Initial  Point  61. 3  feet 
l  north  of  49°. 

5,280  feet  west  of  in¬ 
strument. 

1  1 
l  8 

d  Urs®  Minoris  -  ~W.  E . . 
51  Cephei  ...nearE.E.. 
Polaris  . .  .near  U.  C . . 
Polaris  . . .  near  U.  C . . 

Oil/ 

270  01  09.  0 
06.4 
02.0 
08.3 

32 

Mean  . . 

270  01  06.  3 

Tangent  was  run  on  tins  azimuth. 


Date. 


June  17 


Position  of  instrument. 


Station  33,  20™  . 


Position  of  mark. 


1,320  feet  west 


No.  of 
readings. 


12 


Star. 


32  Camelopardalis.W.E . 
Polaris . E.  E. 


Mean  . 


Azimuth  determined  from  a  scries  of  repetitions  from  Tangent  No.  2. 

Mean . 

Tangent  started  north . 


Azimuth  due  to  distance  105,000  feet . 
Error  of  tangent,  north . 


Azimuth. 


o 

1 

// 

269 

41 

42.3 

64.1 

53. 2  ±  3".  7 

34.0 

269 

41 

43.6 

1 

06.3 

269 

40 

37.3 

269 

40 

04.8 

32.5 


STATION  ERROR. 


Feet. 

Chained  distance  from  Station  34  of  Tangent  to  joint  mound  49° .  259. 4 

Tangent  started  north  of  49° . . .  61.3 


320.7 

Computed  offset  for  distance  of  106,277  feet .  310. 1 


10.6 

Owing  to  the  uncertainty  of  the  azimuth  of  this  tangent  it  was  agreed  to  accept  Lieutenant  Galwey’s 
azimuth  as  correct.  His  tangent  started  29"  south  of  this,  which  solving  the  spherical  tiiangle, 
gives  the  distance  between  the  tangents  at  Station  34,  22. 3  feet.  The  actual  distance  is  21. 4  feet. 


The  mean  line  is  south  of  this  tangent  at  Station  34 .  21. 8 

Giving  the  station  error  of  Astronomical  Station  at  Michell,  north .  32. 4 
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United  States  Tangent  No.  1 — Continued.. 

TANGENT  LINE. 


Stations. 

Distances. 

Computed  offset 

Constant. 

Station  error. 

Final  offset 
to  mound. 

Remarks. 

If. 

Oh.  Us. 

Feet. 

+ 

+ 

1 

Initial  Point. 

2 

0 

66 

06 

4,300 

1 

00 

00 

5,  280 

0.8 

61.3 

0.5 

60.  0  south. 

Iron  pillar,  west  385  feet. 

3 

1 

17 

32 

6,  423 

4 

1 

54 

10 

8,  851 

5 

1 

79 

01 

10,  534 

2 

00 

00 

10,  500 

3. 1 

61.3 

1.0 

57.  2  south. 

Iron  pillar,  west  385  feet. 

6 

2 

37 

71 

13,  049 

3 

60 

00 

15,  840 

6.9 

61.3 

1.6 

52.  8  south. 

Iron  pillar,  west  385  feet. 

7 

3 

34 

09 

18,  090 

8 

3 

79 

18 

21,006 

4 

00 

00 

21, 120 

12,2 

61.3 

2.1 

47.  0  south. 

Iron  pillar,  west  385  feet. 

9 

4 

39 

00 

23,  094 

10 

4 

79 

32 

26,  355 

5 

00 

00 

26,  400 

19.1 

61.3 

2.6 

39.  6  south. 

Iron  pillar,  west  385  feet. 

11 

5 

38 

88 

28,  966 

12 

<> 

00 

00 

31,  680 

27.5 

61.3 

3.  1 

30.  7  south. 

14 

0 

79 

65 

36,  937 

Iron  pillar,  west  385  feet. 

7 

00 

00 

36^  960 

37.5 

61.3 

3.7 

20. 1  south. 

15 

7 

79 

63 

42,  216 

8 

00 

00 

42,  240 

49.  0 

61.3 

4.2 

8. 1  south. 

Iron  pillar,  west  385  feet. 

9 

00 

00 

47,  520 

62.0 

61.3 

4.7 

5.  4  north. 

Iron  pillar,  west  385  feet. 

16 

9 

01 

25 

47,  603 

17 

in 

00 

00 

52,  800 

76.5 

61.3 

5.2 

20.  4  north. 

Iron  pillar,  west  385  feet. 

18 

10 

40 

00 

55,  440 

19 

11 

00 

00 

58,  080 

92.6 

61.3 

5.8 

37. 1  north. 

Iron  pillar,  west  385  feet. 

SO 

11 

40 

00 

00,  720 

21 

12 

00 

00 

63,  360 

110.2 

61.3 

6.3 

55. 2  north. 

Iron  pillar,  west  385  feet. 

22 

12 

40 

00 

66,  (100 

23 

13 

00 

00 

68,  640 

129.3 

61.3 

6.8 

74.  8  north. 

Iron  pillar,  west  385  feet. 

24 

13 

40 

00 

71,  280 

25 

14 

00 

00 

73,  920 

150.0 

61.  3 

7.3 

96.0  north. 

Iron  pillar,  west  385  feet. 

26 

14 

40 

00 

76,  560 

27 

15 

00 

00 

79,  200 

172.2 

61.3 

7.9 

118.  8  north. 

Iron  pillar,  west  385  feet. 

28 

15 

40 

00 

81,  840 

29 

16 

00 

00 

84,  4  tO 

195.9 

01.3 

8.4 

143. 0  north. 

Iron  pillar,  -west  385  feet. 

30 

17 

00 

00 

89,  760 

220.  5 

61.3 

8.9 

168.  1  north. 

Iron  pillar,  west  385  feet. 

31 

18 

00 

CO 

95,  040 

248.  0 

01.3 

9.  4 

196. 1  north. 

Iron  pillar,  west  385  feet. 

32 

19 

00 

00 

100,320 

276.3 

01.3 

10.  0 

225. 0  north. 

Iron  pillar,  west  385  feet. 

33 

20 

00 

00 

105,  000 

306. 1 

01.3 

10.5 

255.3  north. 

Iron  pillar,  west  385  feet. 

34 

20 

10 

26 

106,  277 

310.1 

61.3 

10.6 

259. 4  north. 

Meridian  of  Joint  Astronomical  Station. 

UNITED  STATES  TANGENT  No.  2. 
1873. 


From  Joint  Astronomical  Station  at  Micliel  to  Joint  Astronomical  Station  at  Pembina 

Mountain  East. 

[Observer,  Lieut.  F.  V.  Greene.— Transit  'Wiirdemnnn  8  in.  No.  71.] 

AZIMUTHS. 


Date. 

Position  of  iustrument. 

Position  of  mark. 

Star. 

Azimuths. 

June  14 

46. 5  feet  north  of  49° _ 

3,154.7  feet  west.  ^ 

Polaris . . 

270  01  55  7 

British  determination.. 

55. 1 

270  01  55.  4 

The  tangent  was  run  through  a  point  20.88  inches  south  of  the  mark  and  prolonged  to  meridian 
of  Astronomical  Station,  Pembina  Mountain  East. 

The  difference  between  the  British  and  United  States  tangents  at  this  point  was  inappreciable. 
The  azimuth  was  checked  at  the  terminal  point  by  Lieutenant  Galwey,  11.  E. 

STATION  ERROR. 

Lieutenant  Galwey,  R.  E.,  gives  the  Station  Error,  Station  Pembina  Mountain  East— south 
55.05  feet. 

OFFSETS  TO  PARALLEL. 

For  list  of  offsets  and  position  of  mounds  and  iron  pillars,  see  Lieutenant  Galwey’s  repent. 


UNITED  STATES  TANGENT  No.  3. 

1873. 

From  United  States  Astronomical  Station  No.  4  ( Captain  Twining ),  East  to  Pembina  River 

crossing. 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wiirdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

f  8 

32  Camelopardalis. 

..W.E. 

270  03  40.  6 

1  8 

0  Cephei . 

...  E  E. 

4  20.  7 

July  4 

4447.  8  W . . 

<  a 

_ E.  E. 

4  03.  1 

8 

y  Cephei . 

_ E.  E . 

4  00.  0 

1  8 

0  Ursffi  Minoris  . . 

.  ..W.  E. 

4  15.5 

40 

Mean . 

270  04  04.  0  -I-  2". 7 

Mark  was  moved  5.3  feet  south,  and  tangent  run  through  that  point. 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

+3 

a 

GO 

n 

o 

O 

Station  error. 

Final  offset 
to  mound. 

Remarks. 

0 

1 

2 

3 

M.  Ch.Lks. 

Feet. 

4~ 

Initial  Point,  iron  pillar  520  feet  east. 

Iron  pillar. 

Earth  mound,  12'  X  5'. 

Pembina  River. 

00  66  66 

1  40  00 

3  02  42 

3  17  54 

4,  400 
7,920 
16,  000 
16,  998 

1.8 

7.0 

1.  8  north. 

7.  0  north. 

14 


N  B 


09 


UNITED  STATES  TANGENT  No.  4, 
1S73. 


From  United  States  Astronomical  Station  No.  4  ( Assistant  Lewis  Boss),  icest  side  of  Pem¬ 
bina  Mountain ,  to  Long  River ,  United  States  Astronomical  Station  No.  5  ( Lieutenant 
Gregory). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wiirdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

July  4 

Initial  point  49° . . 

4,  447.  8  W . 

CO  00  CD  00  QD 

32  Camelopardalis _ W.  E.. 

ti  Cephei . E.  E.. 

Polaris . E.  E.. 

y  Cephei . .E. E.. 

f)  Ursse  Minoris . W.  E.. 

Mean . 

o  /  // 

270  03  40.  6 

4  20.7 

4  03.1 

4  00.0 

4  15.5 

40 

270  04  04. 0  ±  2".  7 

Mark  was  moved  south  5.  3  feet,  and  tangent  run  through  that  point. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

o  /  // 

t  8 

P  Cephei . .  E.  E.. 

89  31  17.  2 

July  9 

<  8 

24  6 

(  8 

y  Cephei . E.  E.. 

20.4 

24 

Mean . 

89  31  20. 6  ±  2".  4 

Azimuth  due  to  distance,  155,410.  feet . 

89  30  39.  5 

Error  in  running  the  lino. 

41. 1 

There  being  no  reason  to  suspect  an  error  at  any  station,  this  total  error  of  41".  1  is  distributed  at  the  rate  of  1".  62  at 
each  station.  The  accumulated  error,  in  feet,  arising  from  each  individual  error  in  pointing,  is  calculated  separately  for  15, 
21,  25,  26,  27,  28,  29,  and  29$  miles.  At  the  other  stations  it  is  interpolated  from  these  and  placed  in  the  column  headed  ‘‘Error 
of  line,”  and  is  subtractive. 


STATION  ERROR. 

Feet. 

Chained  distance  from  Station  No.  27  to  Astronomical  Mound  49° .  565.2 

Computed  offset  for  distance,  155,100  feet .  660.  0 


Error  of  Line,  due  to  azimuth  deviation 


94.8 

12.0 


United  States  Astronomical  Station  No.  5,  south 


82.8 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Error  of  line. 

Station  error. 

Final  offset 
to  mound. 

Remarks. 

M. 

Ch. 

Lies. 

Feet. 

+ 

0 

Initial  Point. 

J 

0 

67 

38 

4,  447 

2 

2 

08 

40 

n;  in 

3.4 

0.3 

5.9 

2.  8 south.. 

Earth  mound. 

3 

3 

00 

00 

15,  840 

6.9 

0.  4 

8.5 

2.  0  south . . 

Do. 

4 

4 

21 

34 

22,  528 

13.  9 

0.5 

11.  4 

2.  0 north.. 

Do. 

5 

5 

07 

98.5 

26,  926.  5 

19.8 

0.6 

14.  3 

4.  9  north.. 

Do. 

6 

6 

50 

47 

35, 009 

33.6 

0.8 

18.6 

14.  2  north  . 

Do. 
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United  States  Tangent  No.  4 — Continued. 

TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Error  of  line. 

Station  error. 

Final  offset 
to  mound. 

Remarks. 

M.  Ch. 

Lks. 

Feet. 

+ 

7 

7 

61 

49 

41,018 

46.2 

1.0 

21.8 

23.  4  north . . 

Earth  mound. 

8 

8 

46 

99 

45,  341 

56.4 

1.2 

24.1 

31. 1  north. . 

Do. 

9 

9 

11 

18 

48, 256 

63.9 

1.4 

25.7 

36.  8  north . . 

Do. 

10 

10 

05 

58.2 

53, 168. 2 

77.  6 

1.0 

28.4 

47.  6  north . . 

Do. 

11 

10 

60 

67 

56,  804 

88.6 

1.8 

30.0 

56.  8norlh. . 

Do. 

11 

00 

00 

58,  080 

92.6 

1.9 

31.0 

59.  7  north. . 

Do. 

12 

12 

41 

59 

66,  105 

119.9 

2.2 

35.2 

82.  5 north.. 

Do. 

13 

13 

69 

35 

73,  217 

14 

00 

00 

73|  9£0 

150.0 

2.5 

39.5 

108.  0  north . . 

Earth  mound. 

14 

15 

07 

41 

79,  689 

174.  3 

2.9 

42.6 

128.  8Dorth.. 

Do. 

16 

00 

00 

84,  480 

195.  9 

3.0 

45.  1 

147.  8 north.. 

Do. 

15 

17 

04 

68 

90,  069 

222. 7 

3.4 

48.  1 

171.2north_. 

Do. 

16 

17 

77 

68 

94,  887 

246.7 

3.  6 

50.  6 

192.  5 north. . 

Stone  mound,  12'  X  5'. 

17 

18 

74 

79 

99,  976 

274.5 

4.2 

53.3 

217.  0  north. . 

Earth  mound,  8' X  3'. 

18 

19 

51 

72.  5 

103,  713.5 

19 

20 

08 

91 

106, 1«8 

309.6 

5.0 

56.7 

247.  9  north . . 

Earth  mound,  18'  X  7'. 

20 

21 

31 

62.  8 

112,967.8 

21 

22 

03 

53 

lie;  393 

371.7 

5.8 

60.8 

205. 1  north.. 

Earth  mound,  16'  X  6'. 

22 

22 

43 

87.3 

119,  055.3 

23 

00 

00 

121,  440 

403.  4 

6.3 

64.9 

332. 2  north.. 

Earth  mound,  8'  X  3'. 

23 

24 

01 

67 

127,  028 

443.  0 

7.  1 

67.9 

368. 0  north.. 

Do. 

25 

00 

00 

132,  000 

478.3 

7.6 

70.5 

400. 2 north. . 

Earth  monnd,  16'  X  6'. 

24 

46 

23.  5 

135,  051.  5 

25 

25 

79 

67 

137^  258 

26 

CO 

00 

137;  280 

517.4 

8.2 

73.3 

435.  9 north. . 

Earth  mound,  16'  +  O’. 

27 

00 

00 

142,  560 

557.9 

9.2 

76.1 

.  472.  6  north . . 

Earth  mound,  8'  X  3'. 

26 

27 

20 

44 

143,  909 

568.5 

9.  4 

76.8 

482. 3  north.. 

Earth  mound,  16'  X  6'. 

28 

00 

00 

147,  840 

600.0 

10.  4 

78.9 

510.  7 north.. 

Earth  mound,  8'  X  3'. 

29 

00 

00 

153, 120 

643.  7 

11.5 

81.7 

550.  5 north.. 

Do. 

27 

29 

30 

00 

155, 100 

660.0 

12.0 

82.8 

565. 2  north .  - 

Lieutenant  Gregory’s  Meridian. 

On  the  parallel  established  by  the  above  mounds  iron  pillars  were  placed,  in  1875,  by  Capt.  J.  F. 
Gregory,  United  States  Engineers,"  as  follows: 

Distance  from  Initial  Point  of  Tangent  No.  4. 


M. 

Ch. 

1 

72. 12 

3 

72. 12 

5 

72.12 

7 

72. 12 

9 

72. 12 

11 

72.12 

13 

72.12 

15 

72. 12 

17 

72.  12 

19 

72. 12 

21 

72. 12 

23 

72. 12 

25 

72. 12 

27 

72. 12 

UNITED  STATES  TANGENT  No.  5. 

1873. 

From  United  States  Astronomical  Station  No.  5  ( Lieutenant  Gregory)  to  Astronomical 
Station  at  Sleepy  Hollow  ( Lieutenant  Galtcey). 

[Observer,  Lieut.  F.  V.  Greene. — Transit,  "Wurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

July  16 
July  18 

|  Initial  Point,  49° . 

3,468  feet  west . 

00  CO  CO  00  CD 

0  Cephei . E-. 

0  Cephei . E.. 

y  Cephei  . E.. 

0  Uis®  Minoris . W.. 

Polaris . E.. 

Mean . 

O  III 

270  00  17.  5 

11.6 

18.2 

270  00  35.  4 

269  59  43. 8 

40 

270  00  13. 3  ±  2".0 

The  mark  was  moved  south  0.3  feet  and  the  tangent  run  through  it. 


Date. 


July  21 
Juiy  22 


Position  of  instrument. 


Position  of  mark. 


^  Station  12. 


Station  11. 


.Azimuth  due  to  distance  95,112 feet . 
Error  of  Line . 


No.  of 
readings. 


32 


Star. 

Azimuth. 

0  Ursoe  Minoris . W . . 

y 2  Ursas  Minoris . W. . 

o  /  // 

89  41  38. 1 

42  25.  6 

41  45.6 

42  20.  4 

89  42  02.  4  ±  2". 7 

89  42  03.  9 

01.5 

STATION  ERROR. 


Chained  distance  from  Station  13  to  Astronomical  Mound  on  49°. ..  93.  75 
Computed  offset  for  distance  of  96,7G0  feet .  257. 

Sleepy  Hollow  Astronomical  Mound,  49°,  south .  163. 25 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Final  offset 
to  mound. 

Remarks. 

M.  Ch. 

Lks. 

Feet. 

0 

0 

00 

00 

0 

0.0 

0.0 

0.0 

Iuitial  Point,  mound  of  Astronomical  Station  No.  5. 

1 

0 

52 

55 

3,  468 

0.3 

4.8 

4. 5  south  . . 

Stone  mound,  6'  X  4'. 

2 

1 

30 

76 

7,310 

3 

3 

36 

86 

18, 274 

8.8 

31.0 

22. 2  south  . . 

Stone  mound,  13'  X  7'. 

4 

4 

76 

15 

26, 146 

5 

5 

54 

50 

29,  997 

24.7 

50.6 

25. 9  south  . . 

Stono  mound,  13'  X  7'. 

6 

7 

58 

50 

40,  821 

45.7 

66.8 

21. 1  south  . . 

Do. 

7 

10 

63 

57 

56, 996 

89.2 

96.3 

7. 1  south  . . 

Do. 

8 

11 

41 

81 

60,  839 

100.9 

102.8 

1.  9  south  .. 

Stone  mound,  10'  X  6'. 

9 

13 

52 

23 

72,  086 

142.4 

119.2 

23.  2  north  . . 

Earth  mound,  16'  X  7'. 

10 

15 

G1 

06 

83, 230 

190.2 

138.7 

51.  5  north  . . 

Do. 

11 

17 

40 

42 

92,  428 

12 

18 

01 

09 

95, 112 

248.5 

157.1 

91.  4  north  . . 

Earth  mound,  10'  X  5'. 

13 

18 

26 

09 

96, 762 

257.0 

1G3.3 

93.  7  north  . . 

Terminal  Point,  Sleepy  Hollow  meridian. 

On  the  parallel  established  by  the  above  mounds,  iron  pillars  were  placed,  in  1875,  by  Capt.  J.  F.  Gregory,  United 
States  Engineers,  as  follows : 


Distance  from  Initial  Point  of  United  States  Tangent  No.  5. 

M.  Oh. 

2  42.14 

4  42. 14 

5  42.  15 
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UNITED  STATES  TANGENT  No.  6. 

1873. 

From  United  States  Astronomical  Station  No.  G,  at  Turtle  Mountain  West  ( Captain  Twin¬ 
ing),  eastieard  into  Turtle  Mountain. 

[Observer,  Lieut,.  F.  V.  Greene. — Transit  Wurdemann  8-in.  Ho.  87.] 

AZIMUTH. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  1 

[2.2  feet  north  of  49°, 
and  1,678  feet  east  of 
•(  meridian  of  United 
States  Astronomical 
[  Station  No.  6. 

|  8,123  feet  west  of  merid- 
ian  of  United  States 
[  Astronomical  Station 
j  No.  6. 

O  OD  CD  CL  GO  CO 

Polaris . E . . 

32  Camelopardalis . ~W.. 

(i  Ursee  Minoris  . . W.. 

y 2  IT  rate  Minoris . W. . 

y  Cephei . E.. 

Mean . 

0  /  II 

269  50  59. 6 

58.4 

49.2 

47.3 

23.3 

269  50  47. 6  ±  3".2 

The  tangent  was  run  through  a.  point  26.2  feet  north  of  the  mark. 

The  Station  Error  as  given  Ly  the  English  is.  United  States  Astronomical  Station  Ho.  6  North,  100.76  feet. 
The  tangent  line  was  cut  through  the  woods.  The  following  are  the  stations : 

TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Coropnted  offset. 

Station  error. 

Constant  error. 

Final  offset 
to  mound. 

Remarks. 

M.  Ch. 

Lks. 

Feet. 

+ 

0 

0 

25 

42 

1,678 

1 

0 

75 

45 

4,  980 

2 

2 

39 

63 

13,176 

3 

2 

68 

50 

15,  081 

6.3 

8.  4 

2.  2 

4.  3  south  . . 

Earth  mound. 

4 

3 

23 

07 

17,  363 

5 

3 

64 

88 

20, 122 

G 

4 

24 

45 

22,  734 

7 

4 

57 

23 

24,  897 

16.9 

13.9 

2.  2 

0.  8  north  . . 

Earth  mound. 

8 

5 

27 

72 

28, 230 

9 

8 

22 

65 

43,  735 

52.  3 

24.3 

2.2 

25.  8  north  . . 

Earth  mound. 

10 

8 

31 

57 

44,  324 

11 

8 

58 

76 

46,  118 

13 

9 

20 

30 

48,  860 

14 

10 

32 

78 

54, 963 
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UNITED  STATES  TANGENT  No.  7. 

1873. 

From  United  States  Astronomical  Station  No.  0,  at  Turtle  Mountain  West  ( Captain  Twin¬ 
ing ),  to  British  Astronomical  Station  ai  first  crossing  Mouse  River  ( Lieutenant  Galwey). 

[Observer,  Lieut.  F.  V.  Greeue. — Transit  Wiirdemann  8-in.  No.  87.] 


AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  1 

[2.2  feet  north  of  49°, 
and  1,678  feet  east  of 
^  meridian  of  United 
States  Astronomical 
(.  Station  No.  6. 

]  8,123  feet  west  of  the 

1  meridian  of  United 
[  States  Astronomical 
j  Station  No.  6. 

QO  OO  OD  OD  00 

Polaris . E.. 

32  Camelopardalis . \V._ 

Ursa)  Minoris . W.. 

y 2  Ursa)  Minoris . W.. 

)  Cephei . E.. 

Mean . 

0  in 

269  50  59.  6 

58.4 

49.2 

47.3 

23.3 

40 

269  50  47.  6  ±  3''.2 

The  tangeDt  was  run  through  a  point  26.2  feet  Dorth  of  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  5 

Az 

Eri 

Station  9  of  Tangent  . . . 

imuth  due  to  distance  96,6 

Station  8  of  Tangent. . . . 

04  -4-  1.678  -  98.282  feet  .. 

1  l 

1  8 

l  8 

32 

Polaris  . .  E.. 

32  Camelopardalis . W.. 

y2  Ursrn  Minoris . W.. 

y  Cephei . E.. 

Mean  . 

o  t  n 

89  41  23.8 

33.3 

36.  8 

17.9 

89  41  27.  9  ±  2". 8 

89  41  28.2 

00.3 

<  STATION  ERROR. 

The  chained  distance  from  Station  10  of  Tangent  to  British  Astronomical  Parallel  is .  396. 

Tangent  started  north . . . .  2. 2 


<  STATION  ERROR. 

The  chained  distance  from  Station  10  of  Tangent  to  British  Astronomical  Parallel  is .  396. 

Tangent  started  north . . . .  2. 2 

398.2 

Computed  offset  f  jr  distance,  105,095  feet .  .  303. 2 


95.0 


This  95.0  feet  is  used,  without  frror,  in  determining  the  offsets  to  intermediate  mounds:  but  it  is  not  the  true  Station 
Error,  because  the  tangent  did  not  make  an  angle  ot  90°  with  Captain  Twining’s  meridian,  but  with  a  meridian  1,678 
feet  east  of  the  Astronomical  Station.  Taking  the  initial  point  of  the  tangent  on  the  meridian  of  United  States 


Astronomical  Station  No.  6,  the  computed  offset  is .  312.  9 

The  measured  offset  is  396  feet  -f  2.2  feet .  398.  2 

Station  Error  of  British  As'ronomical  Station,  first  crossing  Mouse  River,  north .  85.  3 


TANGENT  LINE  AND  MOUNDS. 


<D 

O 

O 

t-i 

o 

tH 

03 

Distances 

rd 

© 

© 

a 

© 

Final  offset 
to  mound. 

Remarks. 

o 

m 

P4 

a 

o 

O 

o 

GO 

CO 

A 

o 

O 

M. 

Ch.  Lies. 

Feet. 

-t- 

+ 

_ 

0 

1,  678 
0,  000 

Initial  Point  of  line. 

Initial  Point  of  chaining,  meridian  of  United  States  As¬ 
tronomical  Station  No  6. 

0 

1 

2 

3 

4 

76 

01 

26, 139 

18.7 

23.6 

2.2 

40. 1  north  . 

Stone  mound,  16'  X 

4 

6 

21 

64 

33,  372 

5 

8 

61 

39 

46,  292 

58.8 

41.8 

2.2 

91.4 

Do. 

6 

11 

15 

£6 

59,  087 

9.1.  8 

53.  4 

2.2 

147.  0 

Do. 

7 

14 

43 

86 

76,  815 

162.  0 

69.  4 

2.2 

£29.  2 

Do. 

8 

17 

14 

30 

90,  704 

227.  0 

82.2 

2.2 

307.  0 

Do. 

9 

18 

23 

70 

96,  604 

256.  4 

87.  4 

2.2 

311.  6 

Do. 

10 

19 

72 

34 

10.1,  095 

303.  2 

95.0 

2.  2 

396.  0 

Terminal  Point,  Astronomical  Station. 
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UNITED  STATES  TANGENT  No.  8. 


1873. 

From  United  States  Astronomical  Station  No.  7,  at  South  Antler  Creelc  ( Lieutenant  Greg¬ 
ory),  to  British  Astronomical  Station  at  second  crossing  Mouse  River  ( Lieutenant 
Galwey). 

[Observer,  Lieut.  F.  V.  Greone.— Transit  Wiirdemann  6-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

C  2,040.7  feet  east  of  49° 
j  Mound. 

C  8 

. E. . 

o  /  // 

8 9  47  07.  3 

Aug.  26 

\  8 

_ TV.. 

35.  9 

l  8 

y 2  Ursrn  Minoris.... 

....w.. 

37. 1 

24 

89  47  26.  8  ±  2".  1 

The  mark  was  moved  south  7.5  feet  and  tangent  run  through  that  point. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

o  /  n 

f  8 

Polaris .  . 

. E.. 

89  41  30.8 

1  8 

0 

Ursas  Minoris  -- 

...,1V.. 

32.2 

Aug.  29 

<  8 

y2 

_ W.. 

38.8 

1  8 

? 

Urs®  Minoris.... 

_ AV . . 

22.6 

t  8 

Y 

Cephei . 

....E. 

28.4 

40 

M  ean . 

89  41  30.  6  ±  1".  2 

Azimuth  due  to  distance  107,698  feet . 

89  39  41.4 

1  49.2 

STATION  ERROR. 


A  strong  southerly  gale  was  blowing  at  Stations  0,  1,  and  2,  turning  the  telescope  to  the  north.  The  error  of  109".2  is 
distributed  at  these  three  stations,  or  36".5  at  each,  and  the  result  of  each  separate  erorr  is  calculated  and  subtracted  from 
the  station  error  of  221  feet  given  by  tho  line  as  run.  The  sum  of  these  errors  is  58  feet. 

Feet. 


Chained  distance  from  Station  11  to  Astronomical  Mound  49° .  148.  0 

Computed  offset  due  to  distance  119,576.8  feet .  369.0 


221.0 

58.0 


British  Astronomical  Station  south 


163.0 
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United  States  Tangent  No.  8 — Continued. 

TANGENT  LINE  AND  MOUNDS. 


J  Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 

point. 

Final  offset 
to  mound. 

Remarks. 

J!. 

Oh.  Lies. 

Feet. 

+ 

+ 

0 

ical  Station  No.  7. 

1 

0 

10 

17 

671 

2 

2 

11 

73 

11,  334 

3.5 

21.3 

17.  8 south.. 

Stone  mound,  10'  X  6'. 

3 

4 

64 

75 

25,  393 

1C.  2 

47.  8 

31.  6 south.. 

Do. 

4 

7 

40 

03 

39,  601 

43.0 

74.9 

31.  9  south.. 

Earth  mound,  10'  X  6'. 

5 

9 

65 

41 

51,  837 

73.6 

97.9 

24. 3  south.. 

Stone  mound,  10'  X  6'. 

6 

13 

57 

24 

72,418 

143.9 

136.  8 

7. 1  north  . 

Earth  mound,  12'  X  6'. 

7 

16 

05 

49 

’  84, 842 

197.6 

160.3 

37.  3 north. . 

Stone  mound,  10'  X  6'. 

8 

18 

72 

77 

99,  813 

9 

20 

31 

79 

107;  698 

318.4 

203.7 

114. 7  north.. 

Do. 

10 

21 

03 

08 

111,083 

11 

22 

51 

77 

119, 577 

369.0 

221.0 

148.  0 north.. 

Terminal  Point,  meridian  of  British  Astronomical 

Station. 

Error  at — 

Feet. 

Station  2.... 
Station  3.... 
Station  4.... 
Station  5.... 
Station  6 . . . . 
Station  7.... 
Station  9... 

1. 6  south. 

1. 2  north. 

3.  5  north. 

5. 9  north. 

9.  7  north. 
12.  0  north. 
16. 2  north. 

Note.— In  revising  these  notes  in  1875  an  error  was  discovered  in  the  computed  offset  at  Station  11,  which  should  he 
392.7  instead  of  369.0  feet.  This  makes  the  mounds  erroneously  built  as  in  the  column  to  the  right.  Owing  to  the  uncer¬ 
tainty  in  the  azimuth,  the  station  error  of  163.3  feet  south  is  not  disturbed. 


UNITED  STATES  TANGENT  No.  9. 

1873. 

From  United  /States  Astronomical  Station  No.  8  {Captain  Twining ),  to  British  Astronom¬ 
ical  Station  at  Short  Creelc  ( Captain  Feather stonhaugli). 

[Observer,  Lieut.  F.  Y.  Greene. — Transit  TVimlemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

o  /  n 

(  8 

Polaris . 

...E  .. 

269  49  17. 9 

Sept.  1 

49°  Mound . 

5,711  feet  west . 

<  8 

(3  Urs®  Minoris . 

...W.. 

20.8 

l  8 

y2  Urs®  Minoris . 

...W.. 

45.9 

24 

Mo, an _ 

269  49  28. 2  ±  3".  1 

Tangent  was  run  through  a  point  17.5  feet  north  of  the  Mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Sept.  5 

00  00  CO  CO 

Polaris . E  . . 

P  Urs®  Minoris . \V.. 

y2  UrsmMinoiis . W.. 

o  i  n 

269  43  11.  0 

43  16.  8 

42  52. 1 

43  40.  7 

Mean . 

32 

269  43  15. 1  ±  2".  7 

269  43  11. 1 

4.0 

Error  in  line . 

STATION  ERROR. 

Feet. 

Chained  distance  from  Station  10  to  British  Astronomical  Mound  49° .  420. 2 

Computed  ofiset  for  a  length  of  94,410  feet .  244.  G 


Station  error,  British  Astronomical  Station  north .  175.  6 

TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Final  offset 
to  mound. 

Remarks. 

H.  Oh.  Lies. 

Feet. 

+ 

+ 

o 

Initial  Point,  meridian  Astronomical  Station  No.  8. 

1 

1  06  53 

5,711 

o 

2  06  59 

10,  995 

3 

4  34  48 

23, 396 

15.0 

43.6 

58. 6  north.. 

Stone  mound,  8'  X  6'. 

4 

6  21  40 

33,  092 

31.1 

61.6 

92.  7 north.. 

Earth  mound,  14'  X  6'. 

5 

9  13  20 

48, 392 

64.3 

90.0 

154. 3  north . . 

Stone  mound,  8'  X  6'. 

(5 

9  65  09 

51,  816 

7 

11  54  14 

Gl,  653 

104.3 

114.8 

219. 1  north.. 

Earth  mound,  10'  X  6'. 

8 

14  54  45 

77,514 

164.9 

143.1 

308.  0  north. . 

Stone  mound,  10'  X  6'. 

9 

16  69  68 

89,  079 

218.0 

165.7 

383.  7 north.. 

Earth  mound,  15'  X  7'. 

10 

17  70  46 

94,  410 

244.  6 

175.6 

420. 2  north. . 

Meridian  British  Astronomical  Station. 
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UNITED  STATES  TANGENT  No.  10, 


1873. 

From  United  States  Astronomical  Station  No.  9  ( Lieutenant  Gregory)  to  British  Astronom¬ 
ical  Station,  at  Grand  Coteau  ( Lieutenant  Galicey). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wiirdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Sept.  9 

49°  parallel . 

3025. 3  feet  west . 

f  I 

I  S 

32 

Polaris . E  .. 

C  Urs®  Minoris . AV.. 

y2  UrsaeMinoris . W.. 

y  Cephei . E.. 

Mean . 

o  /  // 

270  00  12.5 

12. 1 

30.8 

07.8 

270  00  15. 8  ±  1".  9 

Tangent  was  ran  through  a  point  0.3  feet  sooth  of  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

o  /  n 

f  8 

Polaris . 

...  E  .. 

89  42  43.  3 

Sept.  15 

Station  8 . 

8 

P  Ursrn  Minoris  ... 
y2  Ursaa  Minoris. . . . 

...  W.. 

41  38.  9 

41  56.3 

l  8 

y  Cephei . 

....E  .. 

42  01.  8 

32 

Mean . 

89  42  05. 1  ±  1".  9 

Tangent  started  with  an  azimuth  of . 

2.1 

89  42  07.  2 

Azimuth  due  to  distance,  93,928  feet . 

89  42  17.  4 

10. 2 

;This  error  was  taken  as  the  sum  of  the  errors  of  observation  at  both  stations.) 

STATION  ERROR. 

Feet. 


The  effect  of  the  azimuth  error  in  feet  at  the  terminal  point  is .  2.7 

The  chained  distance  from  station  10  of  tangent  to  Biitish  astronomical  mound .  185.0 


182. 3 


Computed  offset  for  a  length  of  94,799  feet .  246.7 

Station  error  of  British  Astronomical  Station,  south .  64.4 


TANGENT  TINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Final  offset 
to  mound. 

Remarks. 

0 

1 

M.  Ch.  Lks. 

0  45  83 

Feet. 

3, 025 

13, 632 

+ 

- 

Initial  point,  meridian  of  Astronomical  Station. 

2 

2  46  55 

5. 1 

8.9 

3.  8  south. .. 

Earth  mound,  20'X9'. 

3 

4 

5  04  13 

8  40  21 

26,  672 

44,  894 

50,  674 

65,  844 

69,  222 

19.6 

17.3 

2. 3  north... 

Do. 

5 

6 

9  50  82 

12  37  G4 

71.0 

33. 1 

37.  9  north . . 

Earth  mound,  16'X6'. 

7 

13  08  82 

131.  4 

45.0 

86.  4 north.. 

Do. 

8 

9 

15  25  71 

17  63  15 

80,  897 

93,  928 

94,  865.  2 

179.  6 

52.  G 

127.0  north.. 

Stone  mound,  ll'X7'. 

10 

17  77  35 

240.  7 

61.7 

185.  0  north. . 

Terminal  point,  meridian  of  British  Astronomical  Station. 
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UNITED  STATES  TANGENT  No.  11. 

1873. 

From  United  States  Astronomical  Station  No.  10  at  Mid  Goteau  ( Lieutenant  Gregory )  to 
British  Astronomical  Station  ( Captain  Feather stonhangli). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wiirdemann  8-in.  No.  87  ] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Sept.  18 . 

(  10  feet  north  of  49°  1 
l  mound.  5 

14,164  feet  west  . 

CC  OO  00  00 

Polaris  . . E  .. 

/?  Ursao  Minoris . W.. 

y2  Urste  Minoris . W .. 

Y  Cephoi . E  .. 

Mean . 

o  /  n 

269  57  40.  7 

17.  2 

23.  8 

22.8 

32 

269  57  26.  1  ±  1".  7 

Tangent  was  run  through  a  point  10.7  feet  north  of  the  mark. 


Owing  to  stormy  and  cloudy  nights  it  was  impossible  to  obtain  azimuth  observations  at  the  terminal  point,  either  while 
there,  on  the  way  west,  or  returning  east.  The  initial  point  of  t  he  succet  ding  British  tangent  was  not  definitely  marked,  so 
that  it  was  impossible  to  compare  the  azimuth  with  the  British  meridian  or  tangent. 


STATION  ERROR. 

Feet. 


Chained  distance  from  Station  12  of  tangent  to  British  astronomical  monnd  49° .  134. 5 

Line  started  north .  10.  0 

144.  5 

Computed  offset  for  a  length  of  137,356  foot .  518. 2 

Station  error  of  British  Astronomical  Station,  south .  373. 7 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Final  offset 
to  mound. 

Remarks. 

o 

M.  Ch.  LJcs. 

Feet. 

+ 

- 

- 

Initial  point,  meridian  Astronomical  Station  No.  10. 
Earth  mound,  14'XG'. 

1 

2  54  60 

14,164 

5.5 

38.6 

10 

43. 1  south. . 

2 

5  04  82 

26,  718 

19.6 

72.6 

10 

63.  0 south. . 

Stone  mound,  10'X6'. 

3 

7  20  41 

38,  307 

40.3 

104.  2 

10 

73.  9  south . . 

Do. 

4 

9  79  73 

52,  783 

76.5 

143.6 

10 

77. 1  south. . 

Earth  mound,  14'X6'. 

5 

6 

1*2  67  50 

14  23  80 

67,  815 
75,  490 
88, 101 

126.2 

184.4 

10 

68.  2 south. . 

Do. 

7 

16  54  87 

213. 1 

239.  6 

10 

36.  5 south.. 

Do. 

8 

9 

10 

11 

12 

20  52  51 

22  04  14 

109, 066 
116,  433 
124,  090 
133,  028 

326.6 

296.7 

10 

19.  9 north.. 

Stone  mound,  10'X6'. 

23  40  15 

25  15  58 

422.7 

337.5 

10 

75.  2  north . . 

Do. 

26  01  16 

137]  356 

518.2 

373.7 

10 

134. 5  north.. 

Terminal  point,  meridian  British  Astronomical  Sta¬ 
tion. 
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UNITED  STATES  TANGENT  No.  12 


1S73. 

From  United  States  Astronomical  Station  No.  11,  at  Bully  Spring  ( Lieutenant  Gregory)  to 
British  Astronomical  Station  at  Porcupine  Creelc  ( Lieutenant  Galwey). 

[Observer,  F.  Y.  Greene. — Transit  "Wurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 


Sept.  30  . 


Position  of  instrument. 


;  1,637  west  and  9.2  feet 
north  of  49°  mound. 


Position  of  mark. 


56.15  feet  east  of  instru¬ 
ment. 


Star. 


Polaris . E  .. 

/?  Urs®  Minoris . W-. 

(  Urs®  Minoris . ~W. . 


Mean. 


Azimuth. 


89  58  00. 2 
58  01.3 
57  54.  2 


89  57  58.  6  ±  2".  4 


Azimuth  of  true  tangent  at  distance  1,637  feet 


89  59  41.  5 
1  42.9 


Tangent  was  run  through  a  point  2.8  feet  south  of  mark. 

The  sky  was  cloudy  and  it  was  impossible  to  obtain  azimuth  observations  at  terminal  point. 


STATION  ERROR. 

Feit. 

Cnained  distance  from  Station  10  of  tangent  to  British  astronomical  mound .  549. 7 

Tangent  started  north .  .  9. 2 


558.9 

Computed  offset  for  a  length  of  117,229  feet .  377. 2 


Station  error  of  British  Astronomical  Station,  north .  181. 7 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Final  offset 
to  mound. 

Remarks. 

M.  Ch. 

Lks. 

Feet. 

+ 

+ 

0 

Station  No.  11. 

1 

0 

24 

80 

1,637 

0.  0 

2.5 

9.2 

6.  7  south . . 

Stone  mound,  9'X6'. 

2 

3 

27 

00 

17, 622 

8.5 

27.3 

9.2 

26.  6  north . . 

Earth  mound,  10'X6'. 

3 

6 

40 

33 

34,  341 

32.4 

53.2 

9.2 

76. 4  north.. 

Do. 

9 

40 

00 

50, 160 

69.1 

77.8 

9.2 

137.  7 north.. 

Do. 

4 

12 

14 

23 

64,  299 

5 

12 

50 

51 

66'  694 

Do. 

6 

13 

27 

91 

70;  482 

136.4 

109.3 

9.2 

236.  5  north . . 

Do. 

7 

10 

29 

85 

86,  450 

205.2 

133.  9 

9.2 

329.  9 north. . 

Do. 

8 

17 

22 

83 

91,267 

y 

20 

68 

91 

no;  148 

333.0 

170.8 

9.2 

494.  6  north.. 

Do. 

10 

22 

16 

20 

117, 229 

377.2 

181.7 

9.2 

549.  7 north.. 

Terminal  point,  meridian  British  Astronomical  Sta- 

tion. 
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UNITED  STATES  TANGENT  No.  13. 

1874. 

From  United  States  Astronomical  Station  N~o.  12  ( Captain  Gregory)  to  British  Astronom¬ 
ical  Station ,  Little  Rocky  Creek  {Captain  Feather stonhaugh). 

[Observer,  Lieut.  F.  Y.  Greene. — Transit  'Wurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

June  30 

f  20  feet  south  of  United 
<  States  Astronomical 
t  Mound,  49°. 

?  10,490  feet  west  of  in- 
(  strument. 

f 

1  10 

1  10 

l  10 

Polaris . E  . . 

p  Cephei . E  .. 

y  Cephei . E  .. 

y2  Ursffi  Minoris . W.. 

Mean . 

o  /  /' 

269  51  31. 1 

50  36.  4 

51  07.  0 

51  14.8 

40 

269  51  07.  3  ±  4".  2 

Tangent  was  run  through  a  point  26  feet  10.3  inches  north  of  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

July  4 

Stat  ion  11  of  tangent _ 

Station  10  of  tangent. . . . 

(  10 

I  10 

i  10 

l  10 

/ 3  Cephoi . E.. 

Polaris  . E.. 

fi  Ursas  Minoris . W.. 

j 2  Ursse  Minoris. . ~W.. 

o  /  n 

89  33  50. 7 

47.  0 

47.  8 

45.  4 

40 

Mean . 

89  33  47.  7  ±  1".  8 

89  34  23. 9 

1 

36.2 

(This  error  is  taken  to  1)9  the  sum  of  the  errors  of  the  azimuth  observations  at  .the  extrem¬ 
ities;  i.  e.,  the  whole  line  ran  south  18".  1,  which  gives  Station  11  an  error  of  11.9  feet.) 

STATION  EREOPv. 


Feet. 

The  chained  offset  to  mound  from  station  11  of  tangent .  772.5 

The  computed  offset  for  a  distance  of  135,852  feet .  506.7 


265.8 

The  initial  point  was  south .  20. 

11.9  31.9 

Station  error,  British  Astronomical  Station  north .  233  9 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Error  of  azi¬ 
muth. 

Final  offset 
to  mound. 

Remarks. 

1 

2 

jr. 

Ch. 

Lks. 

Feet. 

+ 

+ 

+ 

+ 

Stone  mound,  15'x6'. 

i 

77 

58 

10, 400 

2.  9 

17.9 

20.0 

0.9 

41.  7 north. . 

Earth  mound,  12'X7'. 

3 

4 

23 

93 

22, 699 

14. 1 

39.  0 

20.0 

2.0 

75. 1  north. . 

Do. 

6 

04 

85 

32, 000 

28.1 

55.0 

20.0 

2.9 

106.  0  north . . 

Do. 

4 

8 

14 

50 

43, 197 

51.2 

74.3 

20.0 

3.8 

149.  3  north.. 

Do. 

0 

13 

12 

63 

69,  474 

132.6 

112.6 

20.0 

6.2 

271.  4  north. . 

Do. 

7 

14 

21 

55 

75,  342 

155.7 

129.  5 

20.0 

6.8 

312  0 north.. 

Stone  mound  10'X6'. 

8 

17 

28 

67 

91,  652 

230.3 

157.6 

20.  0 

8.  1 

416.  0  north.. 

Do. 

9 

21 

47 

35 

114,005 

356.  8 

196.  1 

20.  0 

10.1 

583.  0 north.. 

Earth  mound,  12'X7'. 

10 

24 

03 

95 

126,  981 

442.  7 

218.4 

20.0 

11.2 

C92.  3  north. . 

Stone  mound,  10'X6'. 

u 

25 

58 

36 

135,  852 

506.7 

233.9 

20.0 

11^ 

772.  5  north.. 

Meridian  oi*  British  Astronomical  Station. 
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UNITED  STATES  TANGENT  No.  14. 

1874. 

From  United  States  Astronomical  Station  No.  13  ( Captain  Gregory)  to  British  Astronom¬ 
ical  Station  ( Lieutenant  Galwey). 

[Observer,  Lieut.  F.  V.  Greene.— Transit  Wurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 


July  8 


Position  of  instrument. 


318  feet  east  and  11.4 
feet  north  of  United 
States  Astronomical 
Mound  49°. 


Position  of  mark. 


11,825  feet  west  of  in¬ 
strument. 


No  of 
readings. 

Star. 

Azimuth. 

o  /  n 

r  io 

Polaris . 

...E  .. 

268  10  31.  0 

10 

0  Cephei . 

....E  .. 

24  2 

\  10 

Y  C  pliei  . 

...  E  .. 

52.2 

1° 

0  Ursas  Minoris  . . . . 

46.2 

l  10 

Y2  Ursse  Minoris _ 

41.2 

50 

Mean . 

268  10  39.  0  ±  1".2 

A  line  perpendicular  to  the  meridian  through  the  mound  would  have  an  azimuth  at  the  initial 
point  of . 

The  mark  was  then  south  of  the  tangent . 


270  00  03.  9 


1  49  24.  9 


The  tangent  was  run  through  fi  point  376.5  feet  north  of  the  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

July  10 

f  io 

1  10 

)  io 

l  io 

Polaris .  E  . . 

Y  Cephei . E  . . 

0  Urs®  Minoris .  W.. 

y2  XJvsse  Minoris . W. . 

Mean  . 

o  /  // 

89  42  67.  9 

70.6 

57.  6 

57.  0 

True  azimuth  at  a  distance 

87,873  feet . 

40 

89  41  03.3  ±  1".2 

89  43  24.  7 

38.6 

Tangent  north  38". 6.  This  error  is  taken  to  he  the  sum  of  tlio  errors  of  the  azimuth  observations  at  both  extremities,  i.  e., 
the  whole  line  ran  north  19",3,  which  gives  at  Station  7,  an  error  of  8.3  feet  north. 


STATION  ERROR. 

Tho  chained  offset  to  the  mound  from  Station  7 .  349.  0 

The  computed  offset  to  the  mound  from  Station  7 .  212.  0 


137.0 

The  initial  point  was  north . .  .  1 1.  4 

The  error  of  azimuth  was  north .  8.  3  ]  9.  7 


Station  error  of  British  Astronomical  Station  north .  156.  7 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Error  of  azi¬ 
muth. 

Final  offset 
to  mound. 

Remarks. 

2 

M.  Ch.  Lies 

3  28  66 

Feet. 
12,  452 

+ 

4.  3 

+ 

22.3 

11.4 

1. 1 

14. 1  north 

Stone  mound,  1 0'  X  6'. 

3 

0  37  20 

34, 135 

32.0 

60.9 

11.4 

3.2 

78.  3  north 

Do. 

9  49  68 

50,  799 

70.9 

90.6 

11.4 

4.8 

145. 3  north 

Do. 

4 

12  35  30 

65,  690 

118.5 

117. 1 

11.4 

6.2 

218.  0  north  . 

Do. 

ii 

14  35  82 

76,  284 

159.7 

136.  0 

11.4 

7.  1 

277.  2  not  til  . 

Do. 

7 

16  51  41 

87,  873 

212.0 

156.7 

11.4 

8.3 

349.  0  north  . 

Do. 

OOi) 


UNITED  STATES  TANGENT  No.  15, 


1874. 

From  United  States  Astronomical  Station  No.  14  ( Captain  Gregory )  to  British  Astronom¬ 
ical  Station  ( Captain  Feat  her stonliaugh). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  IVurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

July  12 

5  20  feet  north  of  mound 
)  49°. 

11,352.5  feet  west  of  in¬ 
strument. 

f  10 

1  10 

1  io 

l  10 

Polaris  . E.. 

y  Cephei . E  . : 

B  Urs®  Minoris . IV. . 

>  2  Urs®  Minoris . IV. . 

Mean . 

o  /  // 

271  57  51.  6 

54.  1 

35.  4 

44.  4 

40 

271  57  46.  4  ±  2".0 

Tangent  line  was  ran  through  a  point  389  feet  south  of  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

o  /  // 

f  10 

Polaris . 

....E  .. 

269  35  30.  2 

July  17 

J  10 

y2  Cephei . 

B  Urs®  Minoris  . . . 

....E  .. 
....IV.. 

28.6 

I  1° 

<5.  2 

{  10 

y2  TJrsie  Minoris  . . . . 

....IV.. 

62.5 

40 

Moan . 

269  35  49. 1  ±  3''.5 

True  azimuth  due  to  distance  130,975  feet . 

269  35  18.  0 

31.1 

This  error  was  made  in  sighting  from  Station  8  to  Station  tO,  a  distance  of  7J  miles,  and  gives  Station  10,  north  of  true  tan- 
gont  6.2  feet,  Station  II ,  north  of  true  tangent  6.4  feet. 


STATION  EREOE. 

Feet. 

The  chained  offset  to  mound  at  Station  11 .  394. 3 

The  computed  offset  to  mound  at  Station  11  .  564. 5 


170.2 


The  initial  point  was  north .  20. 0 

The  error  of  azimuth .  6.4  26.4 

Station  error  of  British  Astronomical  Station,  south . 143.  8 

TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Error  of  azi¬ 
muth. 

Final  offset 
to  mound. 

Remarks. 

3 

M.  Oh.  Lies. 
3  42  56 

Feet. 

18,049 

■J" 

D.G 

18.6 

20.0 

- 

29.  0  south 

Stonemound,  10'  X6'. 

5 

8  38  58 

44,  780 

55.0 

44.8 

20.0 

9.  8  south 

Do. 

6 

10  62  97 

56,  956 

89.  1 

57.0 

20.0 

12. 1  north 

Do. 

7 

13  02  52 

■  68, 806 

129.  1 

68.9 

20.0 

40.  2  north  . 

Do 

8 

17  49  48 

93,  026 

237.  5 

93.  0 

20.0 

1*24.  5  norik  - 

Do. 

20  46  62 

108,  677 

324.  3 

108.7 

20.0 

195. 6  north  . 

Do. 

10 

24  64  47 

130,  973 

471.  1 

131.0 

20.0 

6.2 

313.  9  north 

Do. 

11 

27  12  71 

143, 399 

564.5 

143.8 

20.0 

6.4 

394.  3  north  . 

Do. 
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UNITED  STATES  TANGENT  No.  16. 
1874. 


This  Tangent  icas  in  two  parts,  both  starting  at  United  States  •Astronomical  Station  No.  15, 
at  the  East  Forte  of  Milk  River ;  one  part,  east  8.5  miles,  connecting  with  Captain 
Feather stonliaugh? s  Tangent ,  the  other ,  west  13.3  miles ,  to  Lieutenant  Galwey's  station  on 
the  West  Fork. 

[Observer,  Lieut.  F.  Y.  Greene. — Transit  Wiirdemann  8-in.  No.  87.] 

AZIMUTHS. 


No.  of 
readings. 

Star. 

Azimuth. 

f  10 

Polaris  . E  . . 

o  /  // 

8S  19  48.  3 

1  10 

Y  Cephci  . . . E  .. 

52.4 

1  10 

U  Ursae  Minoris . W. 

48.4 

t  10 

y2  Ursae  Minoris . W . . 

57.4 

40 

Mean . 

88  19  51.  6  ±  0".0 

Date. 


July  21 


Position  of  instrument. 


377  feet  west  end  127.2 
feet  north  of  the 
mound. 


Position  of  mark. 


14,124  feet  east  of  the 
instrument. 


The  azimuth  at  this  point  of  a  perpendicular  to  the  meridian  of  Captain  Gregory’s  Astronom¬ 
ical  Mound . 


80  59  50. 1 
1  39  58.  5 


The  tangent  line  was  run  through  a  point  411  feet  south  of  mark. 

No  azimuth  observations  were  taken  at  the  eastern  extremity. 

No  azimuth  observations  were  taken  at  the  western  extremity,  the  sky  being  cloudy.  The  tangent  was  checked  in  azi¬ 


muth  on  Lieutenant  Galwey’s  meridian  and  found  correct  within' 10". 

STATION  ERItOU  EAST. 

Feet. 

Initial  point,  north .  123. 2 

Computed  offset  for  distance  44,793  feet . . .  55. 1 

United  States  determination  of  49°,  south .  68. 1 

Distance  from  extremity  to  British  determination  of  49°,  south _  507.  0 

Station  error  United  States  Station,  north .  538. 9 

STATION  ERROR  WEST. 

Computed  offset  due  to  distance  70,052  feet .  124.  7 

Initial  point,  north .  123.2 

United  States  determination  of  49°,  north  of  tangent .  11.5 

Actual  offset  to  mound,  south .  155.2 
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Station  error  British  Station,  south 


ICG.  7 
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United  States  Tangent  No.  16 — Continued. 

TANGENT  LINE  (EAST)  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 

point. 

Final  offset 
to  mound. 

Remarks. 

4 

M.  Ch.  Lies. 
C  37  59 

Feet 

34, 161 

+ 

32.0 

106.4 

123.2 

197. 6  south  . 

Stone  and  earth  mound,  10'XC'. 

2 

2  40  71 

13, 247 

4.  1 

41.2 

123.2 

160.  3  south  . 

Stone  mound,  10'XG'. 

TANGENT  LINE  (WEST)  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Final  offset 
to  mound. 

Remarks. 

2 

M.  Oh.  Lies. 

1  66  38 

Feet. 

9,  661 

+ 

2.  C 

23.0 

123.2 

143.  6  south  . 

Stone  mound,  10'X6'. 

4 

4  21  78 

22,  557 

14.0 

53.0 

123.  2 

162. 2  south  . 

Do. 

7  17  83 

38, 137 

39.9 

90.8 

123.  2 

174. 1  south  . 

Do. 

6 

9  08  95 

48,111 

63.  6 

114.5 

123.2 

174. 1  south  . 

Earth  mound,  12'X7'. 

8 

13  21  40 

70, 052 

134.7 

166.7 

123.2 

155.  2  south  . 

Meridian  British  Astronomical  Station. 
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UNITED  STATES  TANGENT  No.  17 
1874. 


From  United  States  Astronomical  Station  No.  1G  ( Captain  Gregory)  to  British,  Astronomical 

Station  ( Captain  Featherstonhaugh). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

July  25 

34.  5  feet  north  of  49° . . . 

( 12,104  feet  west  of  in- 
(  strument. 

f  10 

]  io 
l  10 

30 

Polaris . E .. 

0  Ursm  Minoris . ~W.. 

y2  Ursse  Minoris . W. . 

Mean . 

0  /  U 

268  43  42.  0 

52.0 

52.8 

268  43  48.9  ±  P'.O 

Tangent  line  run  through  a  point  268.25  feet  north  of  the  mart. 


Station  fi  of  the  tangent  was  on  the  meridian  of  the  terminal  point  of  a  tangent  run  east  by 
Captain  Featherstonhaugh.  The  azimuth  was  cheeked  here  by  putting  a  stake  on  United 
States  tangent,  on  the  meridian  of  nest  British  tangent  stalie,  measuring  the  distance 
between  the  two  tangents  at  each  point.  By  these  means  the  azimuth  of  the  United  States 


tangeDt  was  found  to  be .  89  34  16.2 

True  azimuth  for  133,810  feet .  89  34  46.  0 

Azimuth  error .  29.  8 


Feet. 

Length  of  Captain  Featherstonliaugh’s  tangent  is .  21,  450 

Length  of  Lieutenant  Greene’s  tangent  is .  112, 360 


Total  length  of  tangent .  133,810 

STATION  ERROR. 

At  Station  6,  the  distance  from  United  States  tangent  to  British  determination  of  49°.. .  32. 7 

Feet. 

The  initial  point  was  north  of  49°: .  34.  5 

The  computed  offset  for  112,360  feet .  346.  6 

Distance  from  United  States  tangent  to  United  States  determination  of  49° .  312. 1 


Station  error,  British  Astronomical  Station,  south .  .  279.  4 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distance. 

Computed  offset. 

Station  error. 

1  Error  of  initial 
point. 

Final  offset 
to  mound. 

Remarks 

3 

Feet. 

16, 082 

+ 

7.4 

33.6 

34  5 

60.  7 south.. . 

Earth  and  stone  mound,  10'  X  6'. 

A 

32, 250 

28.5 

67.3 

34.5 

73.  3 south... 

Do. 

4 

45,  749 

57.6 

95.  6 

34.  5 

72.  5  south .  . . 

Stone  mound,  10'  X  6'. 

5 

70,  364 

135.9 

147.  0 

34.5 

45.  6  south. .. 

No  mound  built. 

6 

112,  360 

347.3 

234.6 

34.5 

78. 2  north  . . 

British  mound. 

UNITED  STATES  TANGENT  No.  18. 
1S74. 


From  United  States  Astronomical  Station  No.  17  [Captain  Gregory )  to  British  Astronomical 

Station  ( Lieutenant  Galwey). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wurdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

(  42.  3feet  southand  1,479  feetl 

10,677  feet  west  of  in¬ 
strument. 

(  10 

Polaris . E  . . 

o  /  n 

270  04  03.  7 

Aug.  2 

<  eastofUnitedStatesastro- > 

<  1° 

ti  Urs®  Minoris  ..W.. 

02.3 

(  nomical  mound.  ) 

l  10 

y2  Ursae  Minoris  ..W.. 

04.5 

30 

Mean . . 

270  04  03.  5  ±  1".  1 

The  azimuth  at  this  point  of  a  perpendicular  to  the  meridian  of  United  States  astronomical  mound. 

270  00  17. 3 

3  46.2 

Tangeut  run  through  a  point  13.  3  feet  south  of  mark. 
Total  length  of  tangent  is  89,636  feet. 


STATION  ERROR. 

Feet. 

Chained  offset  from  United  States  tangent  to  British  Astronomical  Station  49°,  north .  4.  0 

Computed  offset  for  distance,  89,636  feet .  220. 6 

Initial  point,  south .  .  42. 3 


Station  error  of  British  Astronomical  Station,  south .  266.9 


TANGENT  LINE  AND  MOUNDS. 


Station. 

Distance.  | 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Final  offset 
to  mound. 

Remarks. 

A 

Feet. 
18, 269 

+ 

9.2 

54.8 

+ 

42.3 

3.  3  south  . . 

Stone  mound,  10'  X  6'. 

4 

37,  085 

37.8 

112.  2 

42.  3 

31. 1  south. .. 

Do. 

5 

58,  305 

93.3 

175.5 

42.  3 

39.  9  south . . . 

Do. 

7 

82, 500 

186.  9 

245.6 

42.3 

16.  4  south. .. 

Do. 

8 

89,  636 

220.6 

266.9 

42.3 

4. 0  south. .. 

British  astronomical  mound— Meridian. 

UNITED  STATES  TANGENT  No.  19. 

1874. 

From  United  States  Astronomical  Station  No.  18  ( Captain  Gregory)  to  British  Astronom 

ical  Station  ( Captain  Feather  stonhaugh). 


[Observer,  Lieut.  F.  V.  GreeDe. — Transit  IVurdemann  8-in.  No.  87.] 
AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  9 

(  125. 3 feet  north  and  174.0feetl 
<  west  of  United  States  as-  > 
(  tronomical  mound.  ) 

18,324  feet  west  of  in¬ 
strument. 

f  10 
]  10 

1  10 

0  Ursse  Miuoris.  ..W.. 

0  Cephei . E  .. 

y  Cephei . E  .. 

O  III 

270  34  20.  4 

41.5 

34.  0 

:in 

270  34  32.  0  ±  1".  16 

269  59  58. 1 

Azimuth  at  this  point  of  the  perj 

tendicular  to  the  meridian  through  the  astronomical  mound.. 

34  33.  9 

Tangent  was  run  through  a  point  184.3  feet  south  of  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  13 

C  Terminal  point  of  tangent  1 
<  on  meridian  of  British  as-  > 
(  tronomical  mound  49°.  j 

On  tangent . 

[  IS 

1  ‘S 

Polaris . E  .. 

y  Cephei . E  .. 

0  Ursse  Minoris.-W.. 
Y2  Ursse  Miuoris.. ~W.. 

o  in 

89  36  15.  6 

01.2 

30.3 

26.  8 

35 

Mean . 

89  36  18.  5±1".  43 

89  35  27.  9 

50.6 

STATION  error. 


The  British  ran  east  10,834.6  feet,  from  a  point  13  feet  east  and 


11  feet  south  of  British  astronomical  mound  49°.  Feet. 

Lioutenant  Greene’s  chaining .  113,  251.  0 

British .  16,  834.  6 

British  initial  point,  east .  13.  0 


Total  length  of  tangent . .  130,  098.  6 

Feet. 

The  measured  offset, .north . .  604.  9 

Initial  point,  south .  125.  3 


479.6 

Computed  offset  due  to  distance,  north .  464. 6 

Station  error,  British  Astronomical  Station,  south .  .  15.  0 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

Error  of  initial 
point. 

Pinal  offset 
to  mound. 

Item  arks. 

O 

Feet. 

18,  498 

+ 

9.4 

4“ 

2.  1 

H- 

125.3 

136. 8  north . . 

Stone  mound,  10'X6 . 

A 

41,800 

48.  0 

4.8 

125.  3 

178. 1  north. 

Do. 

B 

58,  857 

95.  1 

6.7 

125.  3 

227.1  north.. 

Do. 

C 

74,  708 

153.  2 

8.5 

125.  3 

287.  0 north.. 

Do. 

D 

89,  035 

217.  5 

10.2 

125.  3 

353.  0  north. . 

Do. 

100,  000 

274.5 

11.5 

125.  3 

411.  3  north. . 

Do. 

9 

130,  098.  6 

464.  6 

15.  0 

125.3 

604.  9  north. . 

Meridian  British  Astronomical  Station. 
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UNITED  STATES  TANGENT  No.  20 
1S74. 


From  United  States  Astronomical  Station  No.  19  ( Captain  Grer/ory)  to  British  Astronom¬ 
ical  Station  ( Lieutenant  Gahcey). 

[Observer,  Lieut.  F.  V.  Greene. — Transit  Wiirdemann  8-in.  No.  87.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  14 

(  3.4  feet  south  and  124  feet  i 
<  oast  of  United  Spates  as- > 

(  tronomical  mound.  ) 

17,720  feet  west  of  in¬ 
strument. 

r 

!  io 

1  10 
[  io 

y  Cephei . E.. 

Polaris . E .. 

j8  Ursss  Minoris  .."W.. 
Y2  Ursffi  Minoris  ..W.. 

0/0 

269  58  28. 1 

38.9 

02.  3 

12.3 

40 

Mean . 

269  58  20.  4  ±  1".  6 

Azimuth  at  this  point  of  a  perpendicular  to  the  meridian  through  the  astronomical  mound  . . 

269  59  58.  5 

1  38.1 

Tangent  was  run  through  a  point  8.5  feet  north  of  the  mark. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

Aug.  30 

f  152.1  feet  east  and  124.1  feet  1 
<  south  of  British  astrouom-  > 

(  cal  mound.  ) 

Station  5  of  tangent . 

C  10 
)  6 

y  Cephei . 

Polaris . 

...  E.. 
....E.. 

o  /  // 

89  38  41.  7 

53.3 

16 

Mean . 

89  38  47.5  ±  1".  4 

Azimuth  du9  to  distance,  112,562  feet . 

89  38  46.  4 

Error  of  line . 

Total  length  of  tangent  112,714  feet. 

1. 1 

STATION  ERROR. 

Chained  distanco  from  United  States  tangent  to  British  determination  49°. . . . 
Computed  offset  for  distance  112,714  feet . 


Feet. 
124. 1 
348.7 


224.6 

Initial  point .  3.  4 

Station  error,  British  Astronomical  Station,  south .  228.0 


TANGENT  LINE  AND  MOUNDS. 


Stations. 

Distances. 

Computed  offset. 

Station  error. 

1 

Error  of  initial 
point. 

1 

Final  offset 
to  mound. 

Remarks. 

1 

Feet. 

17,  720 

8. 

35.8 

+ 

3.4 

23.  8  80uth-.. 

Stone  mound,  10'X6'. 

A 

36,  620 

36.  8 

73.9 

3.  4 

33.  7  south. . . 

Stone  mound,  12'X6'. 

2 

56,  072 

86.3 

113. 1 

3.4 

23.  4  south. .. 

Stone  rnonnd,  ll'X7'. 

D 

71,212 

139.2 

143.  8 

3.4 

1.  2 south. .. 

Stone  mound,  11'X8'. 

F 

85,  350 

200.  0 

172.3 

3.4 

31. 1  north. . . 

Stone  mound,  12'X7'. 

5 

105,  9R6 

308.4 

214.1 

3.  4 

97.  7 north... 

Stone  mound,  12'X6'. 

6 

112,  562 
112,714 

Terminal  point  of  tangent. 

British  Astronomical  Station  meridian. 
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CONNECTION  OF  ASTRONOMICAL  STATIONS. 


DETAILS  OF  BRITISH  TANGENT  LINES  AND  MOUNDS,  COMPILED  FROM  THE  RECORD- 
BOOKS  OF  CAPT.  A.  FE AT H E RSTON H AUGH,  R.  E.,  AND  LIEUT.  W.  J.  GALWEY,  R.  E. 


BRITISH  TANGENT  No.  1. 

1872. 

From  Lalie  of  the  Woods  to  Fine  Ridge  Astronomical  Station. 


[Trougliton  &  Sims  Transit  Theodolite  F.  0.  No.  1.— In  two  parts:  Part  First,  Lake  of  the  Woods  to  East  Roseau  River, 
observer  Colonel  Eorrest ;  Part  Second,  Pine  Ridge  to  East  Roseau  River,  observer  A.  Featherstonbaugb,  R.  E.] 


AZIMUTHS.— PART  FIRST. 

[The  azimuth  of  Part  First  was  checked  by  W.  J.  Galwey,  R.  E.] 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

1b73. 

Feb.  24 

C  At  Terminal  Point,  17 
<  miles  1,372.8  feet  from 
(  Lake  of  Woods. 

Trne  azimuth . 

Error  in  azimuth . 

|  At  17-mile  point . j 

a  UrssB  Minoris . 

a  Ursse  Majoris . 

0  Urs®  Minoris . 

Mean . . 

0  /  // 

89  41  47. 
43. 
57. 

89  41  49. 

89  42  50. 

1  01 

The  tangent  was  run  through  a  point  (1,372  8  ft  et  X  tin  1'  01"  =)  4.9  inches  si  nth  of  the  mark,  to  within 
three  miles  of  the  Lake  of  the  Woods,  and  found  correct. 


AZIMUTHS.— PART  SECOND. 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

18:2. 

Nov.  6 

J  53.125  chains  west  of  As- 
<  tronomioal  Station. 

66.35  chains  west  of  iu-( 
strument.  ( 

51  Cephei . 

51  Cephti . 

Mean . 

0  /  // 

269  59  00.  93 
58  48.96 

269  58  54.  75 

The  tangent  was  prolonged  on  the  correct  azimuth  to  East  Roseau  River.  No  record  of  this. 


STATION  ERROR. 

Feet. 

Part  Second  started  north . . . .  77. 

Offset  due  to  distance .  164. 


Part  Second  south  of  49° .  g"”. 

Part  Second  north  of  Part  First . .  528.  66 


615.  66 

Offset  from  Part  First  due  to  distance .  227.  66 


Station  error  Pine  Ridge  Astronomical  Station,  north .  388. 


SilO 
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British  Tangent  No.  1 — Continued. 

PART  FIRST.— OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point  in 
miles. 

Computed  offset 
in  feet. 

Station  error  in 
ieet. 

Final  offset 
in  feet. 

1 

+ 

00.  765 

1  . 

~r 

12. 17 

12.  935 north.. 

2 

03.  C6 

24.  36 

27.42  no"th.. 

3 

06.  89 

36. 53 

43.42  north.. 

4 

12. 24 

48.70 

60.94  north.. 

3 

19. 13 

60. 87 

80.  00  north . . 

6 

27.55 

73.  04 

100.59  north.. 

7 

37.50 

85.21 

122. 7 1  north . . 

8 

48.98 

97. 38 

146.36  north.. 

9 

61.99 

109.  54 

171.53  north.. 

10 

76. 53 

121. 71 

198.24  north.. 

11 

92.  57 

133.  88 

226.45  north.. 

12 

110. 20 

146. 05 

256.25  north.. 

13 

129. 34 

158. 22 

287.56  north.. 

14 

150. 00 

170.  39 

320.39  north.. 

15 

172. 20 

182. 56 

354.76  north.. 

16 

195.  92 

194.  73 

390.65  north.. 

17 

220.  53 

206.  90 

427.43  north.. 

17. 2G 

227.  66 

210.  00 

437.66  north.. 

Remarks. 


No  post  was  fixed,  there  being  no  firm  ground. 
Earth  mound. 

Earth  mound. 

Iron  pillar. 

Earth  mound. 

Earth  mound. 

Iron  pillar. 

Post  fixed  by  A.  Featherstonhaugh,  R.  E. 


PART  SECOND.— OFFSETS  TO  PARALLEL. 


Distance  from 
Lake  of  the 
Woods. 

Distance  from 
Pino  Ridge. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  in 
feet. 

Remarks. 

if  Gh. 

18  20.  80 

if.  Ch. 

+ 

142.4 

166.0 

77.0 

ICO.  6  south. .. 

Earth  mound. 

21  00.00 

10  72.05  east... 

90.94 

132.  58 

77.0 

118.6  south... 

Iron  pillar. 

24  15.48 

7  56.57  east... 

45.48 

93.71 

77.0 

125.  3  south... 

Earth  mound. 

25  68. 04 

6  04.  01  east. .. 

28.  00 

73. 59 

77.0 

122.  6  south . . . 

Iron  pillar. 

29  00. 00 

2  72.  05  east. .. 

06.  44 

35. 27 

77.  0 

105.  8  south. .. 

Earth  mound. 

30  00.  00 

1  72.05  east... 

02.  76 

23.11 

77.0 

97. 3  south. .. 

32  51.  54 

0  79.  49  west . . 

BRITISH  TANGENT  No.  2. 


1873. 

From  Joint  Astronomical  Station  No.  1,  at  Bed  River,  to  Joint  Astronomical  Station  No. 

2,  at  Pointe  Michel. 

[Observer,  Lieut.  W.  J.  Galwey,  R.  E. — Transit  Theodolite  7-in.  F.  0.  No.  3.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

May  29 

Instrument,  on  azimuth  post. 

[  West  of  instrument  3,572  5 
l  feet. 

r . 

i . 

N . 

1:::::::: 

Polaris . 

Polaris . 

Polaris . 

a  Urs®  Majoris . 

S  Urs®  Minoris . 

Mean . 

0  /  U 

270  00  36.  9 
23.1 
19.0 
04.6 
04.3 

270  00  17.  6 

Tangent  was  run  through  a  point  (3,572.5  fr.  X  sin  17".6)  3.6  in.  south  of  the  mart. 

The  tangent  was  checked  at  Pointe  Michel  hy  repeating  the  angle  between  it  and  the  Michel  meridian. 
Result:  Tangent  running  north  14".8. 

STATION  ERROR. 


Feet. 

Measured  distance  from  terminal  point  of  tangent  to  49° .  280.  79 

Tangent  started  north . . .  61. 25 

342.  04 

Offset  due  to  distance  20  m.  675  ft .  310. 07 


Station  error . . . 31.  97 

Station  error  hy  Lieutenant  Greene's  tangent .  32.  64 


2:52 


Mean  station  error,  Michel  north . 

Mounds  were  built  hy  Lieutenant  Greene.  (Soe  his  report,  page  208.) 


32.3 


BRITISH  TANGENT  No.  3 
1873. 


From  Joint  Astronomical  Station  No.  2,  at  Michel ,  to  Join  Astronomical  Station  No.  3, 

Pembina  Mountain ,  east. 

[Troughton  &  Sims  Transit  Thoodolite,  7-in.  F.  0.  No.  3.— Observer,  W.  J.  Galwey,  R.E.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

No.  of 
readings. 

Star. 

Azimuth. 

June  15 

3,154.7  feet  west  of  instru 
mont. 

4 

o  i  // 

270  01  55. 1 

meridian. 

United  States  determination. 

55.7 

Mean . 

270  01  55.  4 

Tangont  was  run  through  point  20.88  inches  south  of  the  mark. 

At  Joint  Astronomical  Station,  Pembina  Mountain  east,  the  angle  between  the  tangent  and  the 
astronomical  meridian  of  Captain  Featherstonhangh  gave  the  azimuth  of  tangent . 

89  45  24. 3 
89  44  48. 3 

Azimuth  error  to  north 


36.0 


This  error  was  considered  cumulative,  and  was  distributed  at  each  Btatiou  proportionally  to  its  distance  from  Michel 


STATION  ERROR. 

Feet. 

The  adjusted  tangont  was  at  Pembina  Mountain,  south  of  49° .  76.  6 

Error  of  initial  point  norm .  46.  3 


123. 1 

Offset  due  to  distance .  178.15 


Station  error  Pembina  Mountain  Astronomical  Station,  south .  55.  05 


OFFSET  TO  PARALLEL. 


Distance  from  ^ 
Pembina. 

Distance  from  in¬ 
itial  point  in 
feet. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

j  Azimuth  errorin 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  1 
in  feet. 

M.  Oh. 

21  00 

4,  603 

0.  59 

3. 1 

0.  05 

46.5 

49.06  south. 

22  00 

9,  883 

2.68 

6.7 

0. 17 

46.5 

51).  69  south. 

23  00 

15, 163 

6.  31 

10.3 

0.  35 

46.  5 

50.  85  south. 

24  00 

20,443 

11.48 

13.9 

0.  58 

46.5 

49.  51  south. 

25  00 

25,  723 

18.  17 

17.5 

0.  87 

40.5 

46.70  south. 

26  13. 84 

31,  910 

29. 16 

21.7 

1.31 

46.  5 

40.  34  south. 

27  00 

36,  283 

36.14 

24.  7 

1.63 

46.5 

36.  69  south. 

28  00 

41,563 

47.  42 

28.3 

2.09 

46.5 

29.  47  south. 

29  00 

46,  843 

60.  24 

31.9 

2.  62 

46.5 

20.  77  south. 

30  00 

52,  123 

74.  58 

35.5 

3.  26 

46.  5 

10.  68  south. 

31  00 

57,  403 

90.46 

39.  1 

3.  96 

46.5 

OO.  90  north. 

32  00 

62,  683 

107.  88 

42.  7 

4.74 

46.5 

13.  93  north. 

33  00 

67,  963 

126.  8 

46.3 

5.  56 

46.5 

28.  44  north. 

34  00 

73,  243 
78,  523 

147.26 

49.  9 

6.  37 

46.5 

44.  49  north. 

35  00 

169. 26 

53.5 

7.24 

46.5 

62.02  north. 

Note. — The  iron  monuments  were  subsequently  erected  at  points  583  links  west  of  the  above  points. 
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BRITISH  TANGENT  No.  4. 
1873. 


From  Pembina  Mountain  east  to  Pembina  River ,  connecting  with  Lieutenant  Greene’s 

Tangent  from  Pembina  Mountain  icest. 

[Troughton  &  Sims  Transit  Theodolite  F.  0.  No.  1.— Observer,  A.  Featherstonhangh,  R.  E.] 

AZIMUTHS. 

The  azimuth  at  initial  point  was  determined  by  observing  an  assumed  meridian  with  an  astronomical  transit  and  read 
ing  a  series  of  angles  between  this  meridian  and  the  tangent  as  fellows: 


Face  right. 

Face  left. 

89  59  37.5 

89  59  52.  5 

25. 

50. 

52.5 

40. 

27.  5 

40. 

45. 

35. 

45. 

00. 

40. 

27.5 

Means,  89  59  37. 5 

89  59  43.  4 

Moan  of  above  means .  89  59  40.  45 

Observed  azimuth  of  meridian .  00  00  09.2 

Azimuth  of  tangent .  270  00  28. 75 


The  tangent  was  run  through  a  point  12.15  inches  north  of  the  mark  to  Pembina  River.  A  line  connecting  with  this 
tangent  was  run  east,  from  Pembina  Mountain  west,  by  Lieutenant  Greene. 

The  parallel  was  marked  without  station  error,  near  the  last  picket  of  Lieutenant  Greene’s  line.  It  was  agreed  to  con¬ 
sider  this  the  true  49°. 


STATION  ERROR. 

Feet. 


Measured  offset  from  Lieutenant  Greene’s  tangent  to  49° .  00.  68 

Error  of  initial  point  south .  16.94 


17.  62 


Offset  due  to  distance  8  miles  2,985  feet .  56. 12 

Station  error,  Pembina  Mountain  west,  south  . . .  73. 74 


OFFSETS  TO  PARALLEL. 


Distance  from  in¬ 
itial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  in 
feet. 

Remarks. 

M.  Chs. 

1  00. 

0.8 

8.6 

16.9 

9. 1  north. 

1  65. 51 

2.5 

15.5 

16.9 

3.  9  north. 

3  00. 

6.8 

25.7 

16.  9 

2.  0  south. 

4  37. 20 

15.2 

38.  1 

10.9 

0. 0  south. 

5  00. 

19.  1 

43.5 

16.  9 

7.  5  south. 

6  00. 

27.5 

51.6 

10.9 

7. 2  south. 

7  19. 46 

40.  1 

61.  8 

16.9 

4.  8  south. 

8  00. 

48.9 

68.8 

16.  9 

3.  0  south. 

8  45.81 

56.8 

73.7 

16.  9 

0.  0  south. 
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BRITISH  TANGENT  No.  5. 

1873. 

From  Sleepy  Holloiv  Astronomical  Station  to  Astronomical  Station  Turtle  Mountain  east. 

[Troughton  &  Sima  7-in.  Transit  Theodolite  F.  0.  No.  3. — Observer,  W.  J.  Galwey,  E.  E.J 

AZIMUTHS. 


1 

Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

W  eight. 

July  5 

(  Instrument  on  meridian  of 
<  Astronomical  Station  at 
(  Sleepy  Hollow. 

(  2,300  feet  west  of  instru-  ( 

(  meut.  ( 

O  III 

270  06  17.29 
32.  29 

1 

2 

270  06  27.  3 

The  tangent  was  run  through  a  point  (2,300  x  sin  6'  27''.3)  =  51.78  in.  south  of  the  mark  to  a  point  12  miles  west,  when 
azimuth  observations  were  taken  with  the  following  result : 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth.  < 

Weight. 

July  13 

o  /  u 

89  48  02.  7 

89  47  52.  4 

10.3 

The  tangent  was  run  to  Astronomical  Station  at  Turtle  M  ountain  east,  where  the  azimuth  was  examined  by  Captain 
Featherstonhaugh  and  an  error  of  7"  found,  which  was  neglected. 


STATION  EEEOE. 

Feel. 

Measured  offset  at  terminal  point  of  tangent  to  49° . . . .  110.78 

Error  of  initial  point  north .  52. 16 


102.  94 

Offset  due  to  distance,  20.3733  miles .  322. 19 


Station  error,  Turtle  Mountain  east,  Astronomical  Station  south .  159. 25 


OFFSETS  TO  PAEALLEL. 


Distance  from 
initial  point  in 
chains. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  in 
feet. 

80.  00 

+ 

0.  77 

7.76 

52. 16 

59. 15  south. 

160.  CO 

3.  06 

15.52 

52. 16 

G4.  G2  south. 

240.  00 

6.  89 

23.  28 

52.10 

68. 55  south. 

320.  00 

12.  24 

31.  04 

52. 16 

'0.  96  south. 

410.  48 

20. 15 

39.83 

52.10 

71.  84  south. 

453. 17 

24.  56 

43.  97 

52. 16 

71.  57  south. 

560.  (  0 

37.  50 

54.  33 

52.  10 

68. 99  south. 

658.  06 

51.  79 

03.84 

52. 16 

04. 21  south. 

771.  29 

71.  14 

74.  83 

52.16 

55.  85  south. 

880.  00 

92.  57 

85.38 

52. 16 

44.  !)7  south. 

933.  61 

104. 23 

90.  58 

52. 10 

38.  51  south. 

1,  016.  C4 

123.  88 

98.63 

52.  10 

20.  91  south. 

1,  094.  77 

143.33 

100.21 

52. 16 

15.  04  south. 

1,200.00 

172.  20 

116.  42 

52. 16 

03.  02  north. 

1,  273.  78 

194.  03 

123.  57 

52. 10 

18.  50  north. 

1,  387.  90 

230.  30 

134.  66 

52. 10 

4  t  54  north. 

1,480.  00 

201.94 

143.  59 

52. 16 

66. 19  north. 

1,  540.  05 

283.  02 

149.  34 

52.16 

88. 12  north. 

1,641.41 

322. 19 

159.  25 

52. 16 

110.  78  north. 

Note.—  The  parallel  between  Sleepy  Hollow  and  Turtle  Mountain  was  subsequently  marked  by  mounds  9  feet  iu  diam¬ 
eter  and  0  feet  high,  with  berrae  and  trench,  at  the  following  distances  from  initial  point:  240.00  chains,  453.17  chains,  658.06 
chains,  933.61  chains,  1,200.00  chains,  aDd  1,480.00  chains.  All  other  mounds  were  destroyed. 
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BRITISH  TANGENT  No.  G. 

1873. 

From  Turtle  Mountain  Fast  toward  Turtle  Mountain  West. 


[Troughton  &  Sims  Transit  Theodolite  F.  0.  No.  1. — Obstrvor,  A.  Featherstonliaugh,  R.  E.J 


AZIMUTHS. 


The  azimuth  at  initial  point  was  determined  by  a  series  of  angles  between  the  meridian  of  astronomical  transit  and  tho 
tangent  aa  follows : 

Face  right.  Face  left. 


89  58  50  89  59  02.  5 

39  03  58  52.  5 

59  15  59  05 

58  50  59  00 

58  57.  5 


Means,  89  58  59.  5  89  59  00 


o  /  // 

Mean  of  above  means .  89  58  59.  75 

Azimuth  of  meridian .  359  59  03.  85 


Azimuth  of  tangent .  270  00  04. 1 

Tho  tangent  was  prolonged  on  this  azimuth  about  24  miles,  where  it  was  connected  with  Lieutenant  Greene’s  tangent 
run  east  frofn  Turtle  Mountain  west.  Azimuth  observations  were  here  taken  by  Mr.  King,  with  following  results : 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

Tri 

On  tangent . 

On  tangent . 

f  Polaris . .  . 

j  6  Ursse  Minoris . 

1  51  Cepliei . 

L  ^  Cephei . 

Moan . 

o  /  // 

89  36  19.  75 
35  06. 20 

34  56.  75 

35  55.  75 

89  35  34.  65 

89  36  17 

42.  35 

Error  in  azimuth . . 

M.  Ch. 

The  length  of  Captain  Featherstonhaugh’s  tangent  was .  23  65.  03 

The  length  of  Lieutenant  Greene’s  tangent  was .  10  32: 78 


The  length  of  Captain  Featberstonhangh’s  tangent  was .  23  65.  03 

The  length  of  Lieutenant  Greene’s  tangent  was .  10  32: 78 

Distance  between  stations,  Turtle  Mountain  east  and  Turtlo  Mountain  west . 34  17.  81 

STATION  ERROR.  FeeL 

Measured  offset  from  Lieutenant  Greene's  line  to  49° . . . —  82.  89 

Measured  offset  from  British  tangent  to  United  States  tangent .  451.  64 

49th  parallel  north  of  British  tangent,  by  United  States  determination .  534. 53 

49th  parallel  north  of  British  tangent,  by  offset  due  to  distance .  433.  77 

Station  error,  Turtle  Mountain  west  north  of  Turtle  Mountain  east .  100. 76 

OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point. 

Compnted  offset 
in  feet. 

Station  error  in 
feet. 

Final  offset 
in  feet. 

Remarks. 

M.  Ch. 

3  00. 0 

+ 

0.  8 

4- 

1-2.7 

19.5  north. 

5  58.53 

25. 1 

£■4.3 

49.  4  north. 

9  CO.  0 

62.  0 

38.  0 

1(  0.  0  north. 

1  l  22.  67 

97.  5 

47.6 

145.1  noith. 

15  00.  0 

172.  2 

63.  4 

235.  6  north. 

17  75.  19 

246.  3 

75.8 

322.  1  north. 

21  00. 0 

337. 5 

88.8 

426.3  no.  tb. 

23  67. 41 

433.8 

100.  7 

534.  5  north. 

Note. — A  post  was  placed  in  the  interior  of  each  mound,  being  sunk  3  feet  in  tho  ground  and  marked  49°. 
In  the  autumn  of  1814  an  iron  tablet  was  buried  3  feet  in  the  ground,  10  foet  east  of  each  mound. 
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BRITISH  TANGENT  No.  7. 


1S73. 

From  first  Crossing,  Mouse  Hirer,  to  South  Antler  Creel'. 

(Troughton  &.  Sims  Astronomical  Transit  anil  7-in.  Transit  Theodolite  F.  0.  No.  3.— Observer,  W.  J.  Galwoy,  It.  II.  | 

AZIMUTHS. 


At  tbo  initial  point  of  tangent  Troughton  &  Sims  astronomical  transit  was  mounted  in  the  meridian  °  '  " 

of  zenith  telescope  and  its  azimuth  found  to  be  .  359  58  24.9 

The  mark  was  placed  on  the  tangent,  approximately,  and  the  angle  between  it  and  the  zenith  telescope 

meridian  repeated,  giving  the  moan  of  seven  repetitions .  89  58  25.7 


The  azimuth  of  mark  through  which  tangent  was  run .  269  59  59.2 


The  tangent  was  prolonged  a  distance  of  829.87  chains,  when,  encountering  timber,  an  offset  was  made  to  the  south  to 
avoid  it.  The  original  tangent  was  regained  at  852.05  chains  and  prolonged  to  974.07  chains.  Here  azimuth  observations 
wore  taken  as  follows : 


Date. 


Aug.  1 


Position  of  instrument. 


On  tangent  . 


Position  of  mark. 


On  tangent 


True  azimuth . . 
Azimuth  error . 


Star. 

Azimuth. 

o  r  1/ 

89  47  21.  8 
08.  0 

89  47  14.  9 

89  47  27. 1 

12.2 

This  tangent  was  corrected  for  this  error  in  azimuth  and  prolonged  to  the  meridian  of  South  Antler  Creek  Astronomical 
Station. 


STATION  ERROR. 

Feet. 

Measured  offset  from  terminal  point  of  tangent  to  49° .  295.52 

Error  of  initial  point  north .  77.88 

373.  40 

Offset  due  to  distanco .  410.29 

Station  error,  South  Antler  Creek  Astronomical  Station  sonth .  36.89 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point  in 
miles. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  in 
feet. 

3 

+ 

6.  89 

4.  78 

77.  88 

75.77  south. 

6 

27. 55 

*8. 56 

77.  88 

59.  89  south. 

9 

61.99 

*13. 34 

77.88 

29.  23  south. 

12 

110.  20 

*18.  12 

77.  88 

14.20  north. 

15 

172. 20 

23.  90 

77.  88 

70.  42  north. 

18 

247.  97 

28.  68 

77.  88 

141. 41  north. 

21 

337.  51 

33.  46 

77.88 

226. 17  north. 

Note. — The  parallel  was  marked  at  3-mile  intervals  by  a  square  stake,  4  by  4  inches,  and  2  foet  long,  driven  into  the 
ground  9  inches,  and  having  XLIX  cut  deep  in  it.  A  conical  mound  of  earth  was  built,  with  the  stake  in  the  center  of 
base,  5  feet  high,  7.5  feet  broad  at  base,  with  berme  2  feet  and  trench  2.5  feet  wide.  The  exterior  of  the  mound  was  care¬ 
fully  revetted  with  sods. 

*  A  correction  of  —  1  foot  is  to  be  applied.  The  mounds  at  these  points  were  built  with  this  error. 


237 


BRITISH  TANGENT  No.  S 


1873. 

From  Astronomical  Station  Second  Crossing ,  Mouse  River ,  to  United  States  Astronomical 

Station  No.  8. 


[Troughton  &  Sims  7-in.  Transit  Theodolite  F.  0.  No.  3.— Observer,  W.  J.  Galwey,  R.  E.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

o  /  / 

270  01  13.97 

Aug.  11 

?  Initial  point  of  tangent  on  merid- 
j  ian  of  Astronomical  Station. 

1,542.2  ft.  west  of  instrument _ 

]  ...do . 

22. 12 

23.  77 

31.  G5 

Mean . 

270  01  23.  4 

Tangent  was  run  through  a  point  (1,542.2  ft.  X  sin  1'  23".4  =)  7.5  in.  south  of  the  mark  to  10m.945  where  azimuth 
observations  were  taken  as  follows: 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

Aug.  18 

On  tangent . 

(  On  tangent,  1,558.8  ft.  west  of 
(  instrument. 

0  /  // 

269  48  59. 9 
57.5 

Mean . 

269  48  58.  7 

269  49  06. 1 

7.4 

The  mark  was  moved  (1,553.8  ft.  X  sin  7".4  =)  6  in.  north  and  line  continued  to  terminal  point. 


STATION  EREOE. 

Feet. 

Measured  offset  from  terminal  point  of  tangent  to  49°  . .  297.  6G 

Error  of  initial  point,  north .  2G.  83 

324.  49 

Computed  ofRet  due  to  distanoe  21m.587  .  35G.  65 

Station  error,  United  States  Astronomical  Station,  south .  32. 1G 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset, 
in  feet. 

Miles. 

"1“ 

3. 

6.  89 

4.47 

26.  83 

24.  41  south. 

C. 

27.  55 

8.94 

26.  83 

8.  22  south. 

9. 06C 

G2.  91 

13.  50 

26.  83 

22.  58  north. 

12. 

110.20 

17.  87 

26.  83 

65.  50  north. 

15.  15G 

176.  23 

22.58 

26. 83 

126.  82  north. 

18. 

247.  97 

26.81 

26.  83 

194. 33  north. 

Note.  -The  form  and  marking  of  the  mounds  were  in  overy  respect  similar  to  those  on  the  tangent  from  first 
crossing  Mouse  River  to  South  Antler  Creek. 

238 


BRITISH  TANGENT  No.  9. 
1873. 


From  Short  Creek  Astronomical  Station  to  United  States  Astronomical  Station  No.  9. 

[Troughton  &  Sims  Transit  Theodolite  F.  0.  No.  1. — Observer,  A.  Fealherstonhaugh,  R.  E.] 

AZIMUTHS. 

o  /  tt 

A  mark  was  placed  on  the  approximate  tangent  and  the  angle  between  it  and  the  zenith-telescope 
meridian,  the  azimuth  of  which  was  observed  with  astronomical  transit,  was  measured,  giving  the 


mean  of  several  series . 89  59  37.5 

Azimuth  of  meridian .  359  59  56.  42 

Azimuth  of  tangent .  270  00  19.  92 

The  tangent  was  run  through  a  point  (2,432.7  ft.  X  sin  19".92  =)  2.4  in.  sonth  of  the  mark  to  079.24  chains, 
whore  another  meridian  was  established  as  above,  and  a  series  of  angles  read  to  the  tangent  east¬ 
ward,  giving  a  mean  angle .  89  55  10.  00 

Azimuth  of  meridian .  359  56  16.75 

Azimuth  of  tangent .  89  51  26.  75 

Azimuth  due  to  distance .  89  51  41.00 

Azimuth  error .  14. 25 


This  error  was  not  corrected,  and  the  tangent  continued  to  terminal  point  with  the  astronomical  transit,  the  theodolite 
being  out  of  order. 


STATION  ERROR. 

Feet. 

Measured  offset  from  terminal  point  to  49° . . .  205. 8 

Error  of  initial  point  north .  19. 8 


225.  6 

Error  due  to  azimuth  deviation  of  14" . , .  4.  95 


220.  65 

Computed  offset  due  to  dist  ance,  16  miles  03.62  chains .  196. 68 


Station  error  of  United  States  Astronomical  Station,  north .  24.  0 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Correction  for 
azimuth  in  feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Remarks. 

If.  Oh. 

2  55.  80 

4" 

5.6 

+ 

4.0 

4* 

1.0 

19.  8 

9. 2  south. . 

Mound,  12'XG'. 

5  75. 18 

27.0 

8.9 

2. 1 

19.8 

18. 2  north.. 

Do. 

9  15.00 

64.5 

13.8 

3.3 

19.  8 

01. 9  north.. 

Do. 

12  58.  78 

124.1 

19.  1 

4.  6 

19.8 

128.  0 north.. 

Do. 

16  03.62 

196.7 

24.  0 

4.9 

19.8 

205.  8  north . . 

Do. 

Note. — Iron  tablets  were  buried  near  the  mounds  in  1874. 
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BRITISH  TANGENT  No.  10, 


1873. 

From  Grand  Coteau  to  Mid  Coteau. 


[Troughton  &  Sims  7-in.  Transit  Theodolite,  F.  0.  No.  3. — Observer,  "W.  J.  Galwey,  It.  E.] 

AZIMUTHS. 


Hate. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

Sept.  1 

t  On  meridian  of  Astro- 
)  nomical  Station. 

2,862.2  feet  west  of  in¬ 
strument. 

(  Polaris . 

J  ...do . 

)  ...do . 

[...do  . 

Mean  . 

o  /  // 

269  50  30. 9 
29.3 
30.1 
37.6 

269  50  32. 0 

Tangent  was  run  through  a  point  (2,862'.2  X  sin  9'  28"  =  )  7  ft.  10.5  in.  north  of  the 
mark  and  prolonged  to  the  terminal  point  at  Mid  Coteau. 


STATION  ERROR. 

Feet. 

Measured  offset  from  terminal  point  to  49° .  642. 51 

Error  of  initial  point,  north .  46. 13 


688.  64 

Computed  offset  for  a  distance  23.24475  miles .  413. 49 


Station  error,  Mid  Coteau  astronomical  station,  north .  275. 15 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point 
in  chains. 

Computed  offset 
in  teet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

204.  4 

+ 

5.  00 

+ 

30.  25 

46. 13 

10.  88  south 

410.  36 

20. 137 

60.  72 

46. 13 

34.  73  north 

629. 19 

47.  341 

93.  1 

46.13 

94.  31  north 

914.  0 

99.  901 

135.  24 

40.  13 

169.  01  north 

1,211.  62 

175.  553 

179.  28 

46. 13 

308.  70  north 

1,454.  85 

253. 11 

215.  27 

46.  13 

422.  25  north 

1,712.64 
1,  859.  48 

350.  76 

253.  42 

46.  13 

558.  05  north 

413.  49 

275. 15 

46.  13 

642.  51  north 

Note. — The  form  and  marking  of  the  mounds  were,  in  every  respect,  similar  to  those  on  the 
tangent  from  1st  crossing,  Mouse  River,  to  South  Antler  Creek. 
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BRITISH  TANGENT  No.  11. 


1873. 


From  British  Astronomical  Station  to  Astronomical  Station  near  Bully  Spring. 

[Troughton  &  Sims  Transit  Theodolite  F.  0.  No.  1. — Observer,  A.  Fentherstonhaugh,  R.  E.] 

AZIMUTHS. 

o  i  n 

The  azimuth,  at  the  initial  point,  of  a  mark  placed  approximately  on  the  tangent,  4,343.  4  feet  distant, 
was  determined  from  a  series  of  readings  of  the  angle  between  the  mark  and  the  zenith  telescope 


meridian,  the  azimurh  of  which  was  determined  with  Astronomical  Transit  F.  0.  No.  1  to  be .  360  06  44. 30 

Moan  ot  readings  of  angle .  81)  59  36.25 


Azimuth  of  mark .  90  06  20.55 

To  get  on  the  true  tangent,  the  mark  should  he  moved  north,  or  the  instrument  south  (4,343.4  ft.  X  sin 
6'  20". 55  =  )  8.01  ft.  The  tangent  had  been  started  from  a  point  8.58  ft.  south  of  observing  post,  using 

—  18  56  —  8.01  =  0.57 

the  same  mark  for  a  back  sight.  The  tangent  was  consequently  in  error  sin - ^  ^ - 

=  27".  southing;  i.  e.,  tho  azimuth  of  the  tangent,  as  started,  was .  269  59  33.00 

The  lino  was  prolonged  on  this  azimuth  1,141.17  chains,  when  the  azimuth  was  checked  in  the  same 
manner  as  above. 


Azimuth  of  observed  meridian .  359  57  23.  53 

Mean  reading  of  angle  between  meridian  and  tangent .  90  11  44. 16 


Az'muth  of  tangent. .  89  45  39.37 

Computed  azimuth  duo  to  distance .  89  45  48.  00 


Azimuth  error,  south  . .  .  8.  63 

Azimuth  error,  south  at  initial  point .  27. 00 


Mean  azimuth  error,  south  to  this  point,  i.  e.  1,141.17  chains .  17.  81 

This  error  in  azimuth  was  considered  cumulative. 

Beyond  Pyramid  Creek  the  ground  was  very  broken,  the  line  crossing  a  range  of  hills  about  5  miles 
distant.  To  convey  signal  so  far  beiDg  difficult,  a  mark,  approximately  in  line,  was  placed  on  this 

range.  The  mean  angle  between  this  mark  and  the  meridian  observed  above  was .  89  49  31. 25 

Azimuth  of  meridian . . .  359  57  23.53 


Azimuth  of  mark . 89  46  54.78 

Azimuth  of  mark  due  to  distance,  1,141.17  chains .  89  45  48.  00 


Azimuth  of  mark  in  error . 

The  line  was  prolonged  on  this  erroneous  azimuth  826. 19  chains  to  the  meridian  of  Bully  Springs  Astro¬ 
nomical  Station,  making  a  total  length  of  tangent  1,968.06  chains.  The  azimuth  was  not  again 
testod. 


STATION  ERROR. 

Measured  offset  from  terminal  point  to  49° . 

Error  of  initial  point,  south . 


Feet. 
693.  00 
130.  68 


562.  32 

Azimuth  error  up  to  1,141.17  chains .  —  6.14 

Azimuth  error  beyond  1,141.17  chains .  +  17.82 

Computed  offset  due  to  distance,  24  miles  48.06  chains .  —  462.  66 


Station  error,  Bully  Springs  Station,  north 


111.34 


1  06.78 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Correction  for 
azimuth  in  feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Remarks. 

M.  Oh. 

+ 

+ 

+ 

2  79.  03 

6.8 

13.  5 

-  1.4 

130.7 

152.  4  north.. 

Earth  mound,  14'  X  6'. 

5  43. 35 

23.5 

25.  1 

-  2.  5 

130.  7 

18l.8north.. 

Do. 

8  60.00 

58.6 

39.  6 

-  4. 0 

130.7 

232.  9  north. . 

Do. 

10  44.54 

85.3 

47.8 

-  4.8 

130.7 

268.  6  north. . 

Do. 

14  21.  17 

155.  7 

64.  6 

-  6.  1 

130.7 

357. 1  north  - . 

Do. 

18  00.46 

248.1 

81.5 

-  0.3 

130.7 

460.  0  north. . 

Do. 

21  02.76 

338.0 

95.2 

-5.5 

130.  7 

559.  0  north . . 

Stone  mound,  12'  X  6'. 

24  48.06 

462.7 

111.3 

-  11.7 

130.7 

693.  0  north . . 

Astronomical  mound,  Bully  Spring. 

Note.—  Mounds  made  of  earth  are  faced  with  sod. 
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BRITISH  TANGENT  No.  12. 

1873. 

From  East  Poplar  River  to  West  Poplar  River. 


[Troughton  &  Sims  7-iD.  Transit  Theodolite  F.  0.  No.  3.— Observer,  W.  J.  Galwey,  It,  E.] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

Sept.  16 

On  meiidian  of  astronomical  station. . . 

2,848.5  feot  west  of  instrument . 

(  Polaris . 

<  .. .do . 

( ...do  . 

Mean . 

O  III 

270  00  38. 8 
34.  8 
26.9 

270  00  33. 5 

Tangent  was  run  through  a  point  (2,848.5  feet  X  sin  33.5  inches  =)  5.5  inches  south  of  the  mark  to  the  torminal  point. 


STATION  ERROR. 

Feet. 

Measured  offset  from  torminal  point  to  49° . . 281.  82 

Error  of  initial  point,  south .  38. 40 


243.  42 

Computed  offset  due  to  distance  23.4315  miles .  420. 20 


Station  error,  West  Poplar  River  Astronomical  Station,  south .  176. 78 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Miles. 

3. 

+ 

6.  89 

22.63 

+ 

38.4 

22.  66  north. 

5.  98475 

27.  41 

45.  11 

38.4 

20.  70  north. 

9. 

61.99 

67.90 

38.4 

32.  49  north. 

12. 

110.  20 

90.  53 

38.  4 

58. 07  north. 

15. 

172.  20 

113.17 

38.4 

97.  43  north. 

17.  825 

234.  16 

134.  80 

38.  4 

146.  76  north. 

21. 

337.  51 

158.  43 

38.4 

217.  48  north. 

23.  4315 

420.  20 

176.  78 

38.4 

281.  82  north. 

Note. — The  tangent  having  been  run  undor  very  favorable  circumstances,  and  time  pressing,  its  azimuth  was  not  checked 
at  the  terminal  point. 
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BRITISH  TANGENT  No.  13. 


1874. 

From  Little  Rocky  Creek  to  Frenchman’s  Creek. 


[Troughton  &  Sims  Transit,  Theodolite  F.  0.  No.  1.— Observer,  A.  Featherstonliaugb,  R.  E.] 

AZIMUTHS. 


The  azimuth  of  a  mark  placed  approximately  on  the  tangent  west  of  the  initial  point  W'as  determined  °  '  " 

from  a  series  of  readings  of  the  angle  between  the  mark  and  the  zenith  telescope  meridian,  the  azi¬ 
muth  of  which  was  observed  with  astronomical  transit  F.  0.  No.  1,  and  found  to  be .  00  00  16.  3 

Mean  reading  of  angle  between  meridian  and  mark .  90  00  05.  78 


Azimuth  of  mark .  270  00  10.  52 

•• 

The  tangent  was  run  on  this  azimuth  from  the  initial  point  18.075  chains,  south  of  40°  for  a  distance  of  047.58  chains; 
here  the  line  was  shifted  north  10.7  chains,  and  the  new  line  continued  to  the  west  side  ol  Frenchman’s  Creek. 

The  terminal  point  of  British  tangent  was  connected  with  the  United  States  astronomical  mound  (49°)  by  a  United 


States  traverse. 

Chains. 

Length  of  British  tangent .  2066.  33 

Departure  of  United  States  traverse .  193. 65 

M.  Chs. - 

Total  distance  between  astronomical  stations .  28  19.  98  =  2259.  98 


STATION  ERROR. 

The  station  error  was  determined  by  Lieutenant  Greene  to  be  Frenchman’s  Creek  Station,  i.  e.,  United  Feet. 
States  Astronomical  Station  No.  13  north .  46. 2 


OFFSETS  TO  PARALLEL. 


Dittanco  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  in 
feet. 

Remarks. 

M.  Oh. 

0  00. 00 

4* 

0.0 

4" 

0.0 

+ 

1103.0 

1193.  0  north . . 

Earth  mound,  6'X14'. 

2  63. 61 

5.9 

4.6 

1193.0 

1203.  5  north. . 

Rock  mound,  C'XIO'. 

5  40. 22 

23. 1 

9.0 

1193.  0 

1225. 1  north . . 

1)0. 

8  55.  81 

57.9 

14.2 

88.8 

1 60.  9  north . . 

Do. 

12  29.00 

116.8 

20.2 

88.8 

225.  8  north . . 

Do. 

14  42.68 

161.7 

23.7 

88.8 

274. 2  north. . 

Do. 

19  29.62 

287.  1 

31.7 

88.8 

407.  6  north. . 

Do. 

22  27.71 

382. 1 

36.6 

88.8 

507.  5  north.. 

Earth  mound,  6'X12'. 

25  66. 33 

511.5 

42.3 

88.8 

642.  6  north.. 

Rock  mound,  6'X10'. 

Note. — The  azimuth  deviation  being  small  (10".52)  was  neglected,  but  it  is  practically  included  in  the  station  error.  Iron 
tablets  were  uniformly  10  feet  east  of  the  eastern  base  of  the  mound  and  two  feet  below  the  surface  of  the  ground. 
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BRITISH  TANGENT  No.  14, 


1874. 

From  Cottonwood  CreeTc  to  United  States  Astronomical  Station  N~o.  14. 


[Troughton  &  Sims,  7-in.  Transit  Theodolite,  F.  0.,  No.  3. — Observer,  “W.  J.  Galwey,  It.  E  I 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

July  1 

C  On  meridian  of  astro- 
l  nomical  station. 

1,495.2  feet  west  of  in¬ 
strument. 

f  Polaris . 

J ...do  . 

1  ...  do . 

L  ...do . 

Mean . 

o  /  n 

270  00  03. 5 

269  59  58. 4 

270  00  07. 8 
270  00  13.  0 

270  00  05.  7 

The  tangent  was  prolonged  on  this  erroneous  azimuth  to  12.5-mile  point,  where  azimuth  observations  were  taken 
as  follows : 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

July  3 

O  /  II 

269  47  35. 1 
49.3 

269  47  42. 2 

269  47  29. 5 

12.7 

5.7 

7.0 

Error,  which  was  neglected  as  inappreciable . 

Error  at  initial  point . 

STATION  ERROR. 

Feet. 

Measured  offset  from  terminal  point  to  49° .  298. 75 

Error  of  initial  point,  south .  21. 72 


277.  03 

Computed  offset  due  to  distance,  20  miles  3,993  feet .  329. 74 


Station  error,  United  States  Astronomical  Station  No.  14,  south  . .  52. 71 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point 
in  chains. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset, 
in  feet. 

240.  00 

+ 

6.89 

7. 62 

+ 

21. 72 

20.  99  north. 

480.  CO 

27.  55 

15.24 

21.  72 

34.  03  north. 

720.  00 

61.99 

22.  85 

21.  72 

60.  86  north. 

960.  00 

110.  20 

30.  47 

21.72 

101. 45  north. 

1,200.00 

172. 20 

38.09 

21.  72 

155.  83  north. 

1,  440.  00 

247.  97 

45.  71 

21.  72 

223. 98  north. 

Note. — Circular  stonemounds  10  feet  in  diameter  and  6  feet  high,  havingaberme  2  feet  wide,  trench  1.5  feet  wide 
and  1  loot  deep,  were  erected  at  the  distances  from  initial  point  of  tangent  given  above.  An  iron  tablet  was  sunk 
0  inches  in  center  of  each  mound,  marking  the  exact  determination  of  49°  parallel.  An  iron  tablet  was  also  sunk  18 
inches  in  the  ground,  15  feet  east  of  the  center  of  the  mound. 
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BRITISn  TANGENT  No.  15 


1874. 


From  Astronomical  Station  No.  28  to  Astronomical  Station  No.  29,  East  Forlc. 


[Troughton  &  Sims  Astronomical  Transit  F.  O.  No.  1. — Observer,  A.  Featherstonhaugh,  E.  E.] 


AZIMUTHS. 

The  azimnth  of  a  mark  placed  approximately  on  the  tangent  vest  of  the  initial  point  was  determined 
from  a  series  of  readings  of  the  angle  between  the  mark  and  the  zenith  telescope  meridian,  the 

azimuth  of  which  was  observed  with  astronomical  transit  F.  O.  No.  1  and  found  to  be . . 

Mean  reading  of  angle  between  meridian  and  mark . 


O  /  ft 


180  01  43.93 
89  59  26.  86 


Azimuth  of  mark .  270  01  10.  79 

The  tangent  was  run  on  this  azimuth  1451.58  chains,  when  azimuth  observations  were  taken  on  Polaris 
with  a  7-in.  theodolite  F.  O.  No.  2. 

Mean  of  two  observations  on  Polaris .  89  43  31. 75 

True  azimuth . . .  89  41  55.00 


Error  in  azimuth,  north .  1  36.75 

Error  in  azimuth,  north,  at  initial  point .  1  10.  76 


Error  in  azimuth  in  running .  26.  01 

The  mean  azimuth  of  the  whole  line  was  assumed .  .  270  01  18. 00 

Chains. 

The  British  tangent  at  distance  west  of  initial  point .  =  1451.  58 

Met  United  States  tangent  running  east  at  distance  from  East  Fork . .  678.  58 


Giving  total  length  of  tangent,  26  miles  50.16  chains . . .  =  2130. 16 


STATION  EEEOE. 

Eieutenant  Greene,  in  his  report,  gives  station  error  of  East  Fork  Station,  north. 


Fec.t. 

438.9 


OFFSETS  TO  PAEALLEL, 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Azimuth  error 
in  feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Eemarks. 

M.  Ch. 

0  00.  00 

+ 

0.0 

4* 

0.0 

0.0 

4" 

15.0 

15.  0  north. . 

Eock  mound,  6'X12'. 

3  00.  00 

6.9 

49.4 

6.0 

15.  0 

65.  3  north.. 

Eock  mound,  6'X10'. 

5  58.  83 

25.2 

94.5 

11.5 

15.0 

123.  2 north. . 

Do. 

8  75.  35 

61.2 

147.3 

17.8 

15.  0 

205.  7  north . . 

Do. 

11  53.69 

104.  2 

192.  4 

23.3 

15.0 

288.  3  north. . 

Do. 

15  12.  00 

175.  6 

240.  7 

30.2 

15.0 

410. 1  north.. 

Do. 

17  08.03 

223.  6 

281.9 

34.1 

15.0 

486.  4  north . . 

Do. 

Note. — Iron  tablets  were  buried  at  a  uniform  distance  of  10  feet  east  of  the  eastern  bases  of  the  mounds,  and  at  a  depth 
of  2  feet  in  the  ground. 
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BRITISH  TANGENT  No.  16. 


1874. 

From  West  Foric  Millc  River  to  United  States  Astronomical  Station  No.  16. 


[Troughton  &  Sims  7-in.  Transit  Theodolite  F.  0.  No.  3. — Observer,  W.  J.  Galwey,  R.  E.  ] 

AZIMUTHS. 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

July  14 

t  On  meridian  of  astronomical  sta- 
(  tion. 

1 2,050.9  feet  west  of  instrument. 

(  Polaris . 

1  ..  .do . 

i  ...  do . 

[ ..  do . 

Mean . 

o  /  U 

269  59  11.88 
19.  72 
15.  08 
16. 12 

269  59  15.  7 

Tho  tangent  was  run  through  a  point  (2,050.9  feet  X  sin  44".3  =)  5.5  inches  north  of  the  mark  and  prolonged  to 
terminal  point  where  azimuth  observations  were  taken,  as  follows : 


Dato. 

•  Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

July  20 

f  Polaris . 

1  . . .do  . 

1  . .  do . 

1  ...  do . 

Mean . 

o  /  n 

89  38  44.  66 
50.  28 
45.  99 
48.  24 

89  38  47.  3 

89  38  18. 2 

29.  1 

Azimuth  error . . 

No  correction  was  made  for  this  error  in  azimuth,  it  being  considered  cumulative. 


STATION  ERROR. 

Feet. 

Measured  offset  from  terminal  point  to  49° .  145.  00 

Error  of  initial  point,  south .  6.  46 


138.  54 

Computed  offset  for  distance  21  miles  59.29  chains .  361. 76 


Station  error,  United  States  Astronomical  Station  No.  16,  south  .  223. 22 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Chains. 
240.  00 

+ 

C.  89 

30.  80 

+ 

6.46 

17.  45  south. 

460.  00 

27.  55 

61.60 

6.46 

27.  59  south. 

720.  00 

61.  99 

92.40 

6.  46 

23.  95  south. 

960.  00 

110.  SO 

123.21 

6.  40 

6.  55  south. 

1200.  00 

172.  20 

154.  01 

6.46 

24.  65  north. 

1440.  00 

247.  97 

184.8) 

6.  46 

69.  62  north. 

Note  —Circular  stone  mounds  10  feet  in  diameter  and  6  feet  high,  having  a  berme  2  feet  wide,  trench  1.5  feet 
wide  and  1  foot  deep,  were  erected  at  distances  from  initial  point  of  tangent  given  above. 

An  iron  tablet  was  sunk  6  inches  in  center  of  each  mound,  marking  the  exact  determination  of  49°  parallel. 

An  iron  tablet  was  also  simk  18  inches  in  the  ground,  15  feet  east  from  the  center  of  the  mound. 
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BRITISH  TANGENT  No.  17. 

1874. 

From  British  Astronomical  Station  near  Milk  River  to  Astronomical  Station  East  Butte. 


[Troughton  &  Sims  Astronomical  Transit  E.  0.  No.  1.— Observer,  A.  Eeatherstonbaugh,  E.  E.] 


AZIMUTHS. 


This  tangent  wa3  prolonged  eastward  325  chains  to  connect  the  United  States  tangent  from  Milk  Eiver  Lake's  Station, 
and  was  run  westward  19  miles  60.22  chains,  when  it  joined  United  States  tangent  from  East  Butte  eastward. 

O  I  n 

The  azimuth  of  a  mark  placed  approximately  on  the  tangent  east  of  the  initial  point  was  determined 
from  a  series  of  readings  of  the  anglo  between  the  mark  and  the  zenith  telescope'meridian,  the  azi¬ 


muth  of  which  was  found  with  astronomical  transit  to  he .  00  00  27. 26 

Mean  angle  to  tangent  east . .  89  59  48. 75 

Azimuth  of  mark .  90  00  16.  01 


The  tangent  east  was  run  on  this  azimuth,  and  its  connection  with  United  States  tangent,  and  resulting  station  error,  are 
given  in  Lieutenant  Greene’s  report. 

The  tangent  west  was  run  on  the  same  azimuth  to  its  terminus,  where,  azimuth  observations  were  taken  with  Troughton 
&  Sims  7-in.  Theodolite  F.  O.  No.  2  on  Polaris,  at  various  hour  angles,  as  follows: 


Face  riijht. 

O  I  II 

89  41  21.0 
41  13.0 
41  08.0 
40  57.  5 


Face  left. 
o  /  n 
89  41  08.0 
23.0 
18.5 
18.0 


Means,  89  41  09.9  89  41  16.9 

O  I  II 

Goneral  mean .  19  41  13.4 

True  azimuth .  89  40  20.  0 


Error  in  azimuth,  north  . .  .  53.  4 

Error  in  azimuth,  north,  at  initial  poiDt .  16.  01 


Error  in  azimuth,  north,  in  running . .  37. 39 

The  adopted  azimuth  error  for  the  whole  line  was  north . .  34.  62 

If.  Oh. 

Length  of  British  tangent  west .  19  60. 22 

Length  of  United  States  tangent  east .  73. 33 


Total  length  of  tangent .  20  53.  60 


STATION  EEEOE. 

Lieutenant  Greenegives  station  error  East  Butte  Station,  south,  470.9  feet . 
OFFSETS  TO  PAEALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Azimuth  error 
in  feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Eemarks. 

M.  Ch. 
W.  00  00.  CO 

+ 

00.0 

00.0 

CO.O 

58.7 

58.  7  south . . 

Eock  mound,  6'  X  12'. 

3  45.04 

9.7 

81.2 

3.  2 

58.7 

133.  4  south.. 

Eock  mound,  G'  X  10'. 

6  01.81 

27.  7 

137.2 

5.4 

58.7 

173.  6  south.. 

Do. 

9  04.21 

62.7 

206.3 

8.1 

58.  7 

210.  4  south . . 

Do. 

11  73.  89 

108.8 

271.7 

10.7 

58.7 

232. 3  south . . 

Do. 

13  08.  25 

186.2 

355. 5 

11.6 

58.7 

239.  6 south-. 

Do. 

18  25.  27 

256.6 

417.3 

16.4 

58.7 

235.  8  south.. 

Do. 

Note. — An  iron  tablet  was  buried  2  feet  in  the  ground  10  feet  cast  of  the  base  of  each  mound. 
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BRITISH  TANGENT  No.  18. 
1874. 


From  West  Butte  to  United  States  Astronomical  Station  No.  18. 


Troughton  &.  Sims  7-in.  Transit  Theodolite.  F.  0.  No.  3.— Observer,  W.  J.  Galwey,  R.  E.] 


AZIMUTHS. 

The  azimuth  at  initial  point  was  determined  by  repeating  the  angle  between  the  mark  and  the  meridian  of  astronom¬ 


ical  transit. 

o  i  n 

Mean  of  four  sets  of  angles  between  mark  and  meridian  of  astronomical  transit .  90  00  05. 0 

Correction  for  level. . . . : .  3. 0 


Azimuth  of  meridian 


90  00  0?.  0 
359  59  50.  7 


Azimuth  of  mark 


269  59  42.  7 


The  tangent  was  prolonged  on  this  azimuth  to  its  terminal  point,  where  azimuth  observations  were  taken  as  follows: 


Position  of  instrument. 

Position  of  mark. 

Star. 

On  tangent  at  terminal  point. 

C  Approximately  on  the  me- 
t  ridian. 

(  Polaris . 

<  ..  do . 

(  ...  do . 

Moan  . 

Mean  angle  between  approximate  meridian  and  tangent. 

Azimuth  of  tangent . 

True  azimuth . . 

Azimuth  error  . 

Azimuth  error  at  initial  point . 

Azimuth  error  in  running  tangent . 


Azimuth. 


o  /  n 


359  38  50.  73 
55.  93 
53.  63 


359 

38 

55.4 

89 

59 

52.5 

89 

38 

47.9 

89 

39 

27.2 

39.3 

17.3 

22.  0 


No  correction  made  for  either  of  these  errors. 


STATION  ERROR. 


Feet. 

Measured  offset  from  terminal  point  to  49°  .  965.5 

Error  of  initial  point,  north . . .  99. 33 

1,  064.  83 

Computed  offset  for  distance  20  miles  53.90  chains .  327. 11 

Station  error,  astronomical  station,  north .  737.  72 


OFFSET  TO  PARALLEL. 


Distance  from 
initial  point. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Chains. 
240.  22 

+ 

7.  25 

+ 

109.  82 

99.33 

1L  74  north. 

486.  07 

28.25 

216.  81 

99.  33 

145.  73  north. 

729.  90 

63.  72 

325.  CO 

99.  33 

289.  99  north. 

960.  00 

110.  20 

428.  20 

99.  33 

439.  07  north. 

1,200.  00 

172. 20 

535.  25 

99.  33 

608. 1 2  north. 

1,457.54 

254.  05 

650. 13 

99.33 

804.  85  north. 

Note. — Circular  stone  mounds  were  built  on  this  tangent  similar  to  those  built  on  tangents  Nos.  14  and  18. 
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BRITISH  TANGENT  No.  19. 

1874. 

From,  South  Branch  Milk  River  to  North  Branch  Milk  River. 

[Tronghton  and  Sims  Astronomical  Transit  F.  0.  No.  1.— Observer,  A  Featherstonhaugh,  E.  E.] 

AZIMUTHS. 

The  line  was  started  on  an  approximate  azimuth  of  270°  and  prolonged  586.09  chains  where  azimuth  observations  were 


Face  right. 

Face  left. 

o  /  // 

o  /  // 

89  54  19.  6 

89  53  58. 6 

54  11.6 

50.6 

53  58.6 

49.6 

54  09.  6 

56.6 

54.6 

52.  6 

57.6 

89  54  09.  8 

89  53  54. 3 

General  mean . .  89  54  02 

Trne  azimuth .  89  52  41 


Error  in  azimuth,  north 


1  21 


The  line  was  continued  on  this  azimuth  to  its  terminal  point  where  azimuth  observations  on  Polaris  at  various  hour 
angles  gave  following  results: 

Face  right.  Face  left. 

O  III  Olll 

89  44  25  89  44  05 

24  07 

28  16 

27  21 


Mean,  89  44  26  89  44  12 

o  i  it 

General  mean . . .  89  44  19 

True  azimuth .  69  40  41 


Error  in  azimuth,  north . .  3  38 

Previous  error  in  azimuth,  north .  1  21 


Previous  error  in  azimuth  in  running. . .  2  17 

This  error  is  attributed  to  the  nature  of  the  ground,  which  rendered  very  short  sights  necessary.  The  deviation  in  azi¬ 
muth  is  taken  as  V  21"  north  for  the  first  part  of  the  line,  i.e.,  586.09  chains,  and  as  V  21"  -f-  J  (2'  17")  =  2'  30"  north  for  the 
rest  o  f  the  line. 

The  tangent  was  prolonged  east  from  South  Branch  Milk  Eiver  to  connect  United  States  tangent  with  Astronomical 


Station  No.  36 — azimuth  deviation  north  1'  21". 

Ch. 

Total  distance  between  Astronomical  Station  No.  35  and  Astronomical  Station  No.  36  .  1,  971. 19 

Total  distance  between  Astronomical  Station  No.  36  and  Astronomical  Station  No.  37  .  1, 550. 82 

STATION  EKKOES. 

Feat. 

Astronomical  Station  No.  36  north  of  Astronomical  Station  No.  35 . 15. 0 

Astronomical  Station  No.  37  south  of  Astronomical  Station  No.  36 .  C6. 0 


OFFSETS  TO  PAEALLEL. 


s  . 

c 

-.5 

<T  * 

S3 

C  w 

2 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Azimuth  error 
in  feet. 

Error  of  initial 
point  in  feet. 

Final  offset 
in  feet. 

Hem  arks. 

At.  Ch. 

E.  3  15.07 

7.8 

1.9 

6.7 

11.0 

23. 6  north. . 

Eock  mound  6'  X  10'. 

00  00.  00 

0.0 

0.0 

0.0 

11.0 

11. 0  north.. 

Eock  mound  6'  X  12'. 

W.  2  59.  42 

5.7 

9.3 

5.7 

11.0 

1.  7 north.. 

Eock  mound  6'  X  10'. 

5  73.  31 

26.8 

20.  1 

12.4 

11.0 

5. 3  north.. 

I)o. 

8  73.  34 

60.9 

30.4 

21.3 

11.0 

20. 3  north . . 

Do. 

13  20. 26 

134.4 

45.  1 

38.0 

11.0 

62.  4  north . . 

Do. 

16  29. 22 

203.5 

55.  G 

49.9 

11.0 

110. 3  north.. 

Do. 

171. 3  north.. 

Fate. — An  iron  tablet  was  buried  2  feet  in  the  ground  10  feet  east  of  the  base  of  each  mound. 
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BRITISH  TANGENT  No.  20. 


1874. 

From  Chief  Mountain  Astronomical  Station  to  Belly  River  Astronomical  Station. 


[Troughton  &  Sims  7-in.  Transit  Theodolite  F.  0.  No.  3. — Observer,  W.  J.  Galwey,  E.  E.] 

AZIMUTH. 


Date. 

Position  of  instrument. 

Position  of  mark. 

Star. 

Azimuth. 

Aug.  13 

C  On  meridian  of  astro- 
)  nomical  station. 

4,596.2  feet  west  of  in¬ 
strument. 

(Polaris . 

!  Do  . : . 

1  Do . 

[  Do . 

Mean . 

o  /  // 

269  54  26.  35 
23.  45 
31.  45 
31.  05 

269  54  28. 1 

The  tangent  was  run  throngh  a  point  (4,596.2  ft.  X  sin  5'  31''.!))  7  ft.  4.5  in.  to  north  of  the  mark. 

The  tangent  was  run  to  617.03  ch.  from  initial  point.  The  chaining  was  carried  on  to  a  point  A  (see  diagram)  from 
which  a  true  base-line,  A  B,  was  measured,  and  the  distances  of  the  points  C  and  D  determined  by  triangulation.  The 
chaining  was  continued  from  D  to  F,  the  terminal  point  of  tangent.  Tho  underbrush,  dead-fall,  and  standing  timber  being  so 
dense  as  to  give  do  hope  of  connecting  with  Captain  Featherstonhaugh’s  astronomical  station  on  Belly  Eiver  by  means  of  the 
tangent  a  point,  K,  in  trigonometrical  connection  with  his  station  was  established  and  observed  from  points  A  and  B. 


To  find  position  of  3£  with  respect  to  A : 

Angle  B  A  K  =  69°  47'  16".  9 
Anglo  AEK=94"  48'  51".  3 
SI'  Anglo  B  A  C  =  52°  35'  15".  4 

Let  K  H'  and  A  M  bo  meridians  passing  through  A  and 
K,  and  A  P  bo  perpendicular,  drawn  from  A  to  A  M  ;  p  the 
intersection  of  a  small  circle,  i.  e.  a  parallel  of  latitude 
drawn  through  A.  The  point  K  is  north  of  A. 

The  distance  I|)  =  KP-yP 
Tho  angle  F  A  K  =  69°  47'  16".  9  -  52°  35'  15".  4 
=  17°  12'  01".  5 


A  F  makes  an  angle  with  meridian  A  M  of  9C°  -J-  59".75, 
multiplied  by  distance  in  miles  of  point  A  from  point  of 
departure. 


•.  angle  FAM  =  90°  -f  59".  75  X 


381.  65 
80 


=  90°  +  4'  45"  =  90°  4'  45" 

The  perpendicular  at  A,  i.  e.  A  P,  makes  with  A  K  an 
anglo  =  90°  -  M  A  K  =  90°  -  (90°  4'  45"  -  17°  12'  01".  5.) 

=  17°  07'  16".  5 
KP  =  AK  sin  17°  7'  16". 5 
,  _  sin  A  B  K 
AK  =  A  B 


=  72-34nn 


sin  A  K  B  = 
sin  94°  48'  51".  3 
15°  23'  51".  8 


=  271.  49  ch. 


.  K  P  =  72.  34 


sin  94°  48'  51".  3 


'  sin  15°  23'  51".  8 
A  P'=  A  K  cos  17°  7'  16".  5  =  259. 46  ch. 


sin  17°  7'  16".  5  =  79.925  ch. 


P  p  =  offset  to  parallel  duo  to  distance  from  A  consid¬ 
er  ed  as  initial  point  =  8. 05  tt. 

K  is  north  of  A  79.  925  ch.  X  66  -  8. 05  ft.  =  5,275.  05  ft. 
-  8. 05  ft.  =  5,207  ft. 

To  find  position  of  A  with  respect  to  49°  parallel: 


Feet. 

Initial  point  of  tangent  north  of  49°  parallel .  18. 07 

Offset  from  A  due  to  distance,  381.65  ch .  17.  42 


M  A  north  of  49°  parallel. 


.65 


K  is  north  of  English  determination  of  49°,  5,267  ft.  -f-  .65  ft.  =  5,267.  65  ft. 
Distance  of  K  from  initial  point  along  tangent  is  381.  65  ch.  259. 40  ch.  =  641. 11  ch 
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British  Tangent  No.  20 — Continued. 
1874. 


STATION  ERROR. 

Feet. 

By  Captain  Feathers  tonhaugb’s  triangulation  K  is  north  of  his  determination  of  49°  parallel  83.919  chains .  =  5, 538.  65 

By  lieutenant  Galwey  K  is  north  of  49°  parallel .  5, 267. 65 

Astronomical  Station  at  Belly  River  south  of  Chief  Mountain  Astronomical  Station .  271. 00 

Chains. 

The  meridian  of  E  (diagram  on  previous  page)  was  east  of  the  meridian  of  Captain  Fcatherstonhaugh’s  astro¬ 
nomical  mound  at  Belly  River,  measured  on  the  tangent .  211.  42 

Distance  of  K  from  initial  point,  along  the  tangent .  641. 11 

Total  distance  from  Chief  Mountain  Astronomical  Station  to  astronomical  mound  at  Belly  River .  852. 53 


OFFSETS  TO  PARALLEL. 


Distance  from 
initial  pointin 
chains. 

Computed  offset 
in  feet. 

Station  error  in 
feet. 

Error  of  initial 
point  in  feet. 

Final  offset  in 
feet. 

243.  45 

"h 

7.  09 

77.37 

18.07 

88.  35  south. 

445. 15 

23.70 

141.  48 

18.07 

135.  85  south. 

853. 53 

89.94 

271.  00 

18.07 

199. 13  south. 

Note.  -Circular  stone  mounds,  10  feet  diameter  and  6  feet  high,  with  bermo  2  feet  wide  and  trench  18"X12",  were  erected 
at  above  distances  from  initial  point.  That  at  852.53  chains  was  Captain  Featberstonhaugh’s  astronomical  mound,  and  was 
built  by  him.  An  iron  tablet  marking  exact  determination  of  parallel  was  sunk  6  inches  in  the  ground  in  center  of  mound. 
No  tablets  were  placed  outside  the  mounds  except  at  astronomical  mound. 


TRIANGULATION 


To  connect  Belly  River  Astronomical  Station  with  49 th  Parallel  and  Rochy  Mountain 

Astronomical  Station. 

[Observer,  A.  Featherstonhaugh,  R.  E.] 

ABSTRACT  OF  TRIANGLES. 


Triangle. 

Angle. 

Observed 

angle. 

Correc¬ 

tion. 

Reduced 

angle. 

A  B  D 

BA  B 
A  BB 
ABB 

o  /  u 

71  27  55.84 

72  35  36. 7 

35  56  22. 16 

II 

-  5.3 

o  /  // 

71  28  00 

72  35  38 
35  56  22 

ABE 

ABE 
A  E  B 
BAE 

72  27  13.  3 

53  08  24.  58 

54  24  39.  16 

+17.  04 

72  27  07 

53  08  17 

54  24  36 

DBA 

BE  A 
ABE 
E  AB 

31  33  50 

22  33  21.  8 
125  52  35 

-13.2 

31  33  50 
22  33  30 
125  52  40 

AC  D 

AC  B 
ABC 
B  AC 

25  43  54.  87 
40  22  17.  4 
113  54  24. 58 

+36. 85 

25  43  42 
40  22  05 
113  54  13 

BCE 

BCE 
BE  0 
CB  E 

44  31  13.  62 
72  32  49. 17 
62  55  49. 2 

+22 

44  31  36 
72  32  42 
62  55  42 

BE  P 

B  EP 
PBE 
EP  B 

47  19  35 

88  16  49.  4 

44  23  37.  5 

+  1.9 

47  19  35 
88  16  49 
44  23  36 

BP  B 

BPB 
BBP 
P  BB 

35  02  16.6 

70  03  17.  64 
74  53  59 

-26.  76 

35  02  24 
70  03  26 
74  54  10 

BAP 

BAP 
APB 
A  BP 

43  55  00.  84 
25  13  55. 85 
110  50  21. 2 

-42. 13 

43  55  15 
25  14  09 
110  50  30 

ACE 

ACE 
CAE 
OE  A 

18  47  48.  74 
120  13  00.  42 
40  58  59. 17 

-11.  67 

18  47  53 
120  13  04 
40  59  03 

APE 

APE 
E  A  P 
AE  P 

19  09  41. 67 
81  57  34. 16 
78  53  25 

+40. 83 

19  09  28 
81  57  21 
78  53  11 

BPK 

PBE 

BPK 

BKP 

61  36  25 

88  25  58 

29  57  37 

<*) 

61  36  25 
88  25  58 
29  57  37 

MEASUREMENT  FROM  THE  ZENITH  TELESCOPE  TO  THE  49TII  PARALLEL  OF  LATITUDE. 


measured  die.  O  south  of  zee.  tel.  =  .  75" 

P  south  of  C  by  triangulation 

Offset  to  parallel  for  westing  of  P  from  C 

Chains. 

=  1.152 

332. 169 

0.  004 

log  26.427  =  1.42205 

log  number  of  feet  in  1"  =  2. 00579 
A  C  log  66  =  8. 18045 

Chains. 

1.  60829  P  north  of  49°. 

40.  578 

log  332.165  =  2.5213539 
log  p  sin  1'  (feet.) 

For  mid.  lat.  between  P  aDd  O  —  2.  0058361 

332. 163 

PM  -  43.2  chains.  log  =  1.  63548 

log  sin  az.  =  9.  99191 

1.  63548 

9.  28157 

0.  5155178 
log  66  1.  8195439 

2.  3350617 

// 

1.  62739 

Chains. 
Easting  42. 403 

P  north  of  49° 

0.  91705 

Chains. 

8.261  Northing. 
40.  578 

P  sooth  of  O 

C  south  of  zen.  tel. 

216.303 

0. 75 

M  north  of  49° 
log 

log  cos  azimuth  M  X 

48.  639 
=  1.68876 
=  9. 99102 

P  south  of  zen.  tel. 

Zen.  teL  north  of  49° 

217. 033 

243. 48 

Riff. 

Cor.  number 

=  1.67978. 
=  49.863 

P  north  of  49° 

26.  427 

Note.— The  distance,  49.863  chains,  was  measured  along  M  X.  The  point  falling  in  a  hollow  a  site  for  (he  mound  was 
selected  at  T,  1.34  chains  west  of  X.  A  stone  mound,  6  feet  by  12  feet  was  built  at  T.  An  iron  tablet  was  buried  2  feet  in 
the  ground  10  feat  east  of  the  base  of  the  mound. 

*  Last  not  observed. 
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TRIANGULATION— Continued. 


Side. 

Length 

Azimuth. 

Latitude. 

Departure. 

Station. 

Lai  itude. 

Departure. 

Chains. 

O  /  1/ 

Chains. 

Chains. 

Chains. 

Chains. 

A  B 

57.  097 

169  51  01.37 

S.  56. 203 

E.  10.062 

O 

00.  COO 

00.  000 

S. 

182. 564 

W. 

69.  901 

A  D 

92. 826 

241  18  57.  27 

r> 

S. 

182.  504 

AV. 

G9.  901 

S. 

149.  600 

E. 

20.  601 

B  D 

92. 236 

277  15  23.37 

p  (1) 

S. 

332. 164 

W. 

49.  300 

A  E 

68. 0i3 

115  26  22.21 

0 

00.  000 

00.  000 

B  E 

58.  033 

62  18  05.  21 

S. 

138.012 

E. 

1 1.  534 

A 

S. 

138.  012 

E 

1 1.  534 

D  E  (,) 

143. 69 

S. 

194. 167 

AV. 

60.  8304 

P  (2) 

S. 

332. 179 

AV. 

49. 296 

U  E  (2) 

143.715 

D  E  (mean) 

143.  702 

83  52  51.  88 

O 

00. 000 

00. 000 

S. 

138.  012 

E. 

11.534 

0  D 

195.  49 

200  57  03.  79 

S.  182.564 

W.  69.  901 

A 

S. 

138.012 

E. 

11.534 

s. 

56.  203 

E. 

10.  062 

0  E 

182.47 

156  25  33.  88 

S.  167.245 

E.  72.  97G8 

B 

s. 

194.  215 

E. 

21.  596 

s. 

137.  949 

AV 

70.  902 

A  0  (,) 

138.  499 

P  Q 

s. 

332. 164 

W. 

49. 306 

a  0  y 

138. 489 

C 

00. 000 

00.  000 

A  0  (mean) 

138. 495 

175  13  21.79 

S.  138.012 

E.  11.534 

s. 

167.245 

E. 

72.  9768 

E 

s. 

167. 245 

E. 

72.  9768 

P  D  (,) 

151. 028 

s. 

164.923 

W. 

122.  281 

P  (4) 

s. 

332. 168 

W. 

49.  304 

P  D  (2) 

151. 024 

P  D  (3) 

151.015 

P  (1) 

s. 

332. 164 

vr. 

49.  300 

P  I>  (mean) 

151.  022 

172  09  33.  37 

S.  149.600 

E.  20.601 

P  (2) 

s. 

.  179 

vv. 

.296 

P  <3> 

s. 

.  164 

w. 

.306 

PA  (,) 

203.  477 

P  (4) 

s. 

.  168 

w. 

.304 

P  (mean) 

s. 

332. 169 

w. 

49.  301 

P  A  (,) 

203.  452 

P  A  (mean) 

203.  464 

191  23  42.27 

S.  194. 167 

AV.  60.8301 

T 

00.  000 

00.  000 

P  E  (,) 

205.  30 

E. 

1.34 

X 

00. 000 

E. 

1.34 

205. 319 

N. 

48.  839 

W. 

10.  0.'8 

If 

N. 

48.  839 

AT. 

8.  698 

P  E  (mean) 

205.31 

216  33  16.  88 

S.  164.923 

AV.  122.  281 

s. 

8. 261 

AV. 

42.  403 

P 

N. 

40.  578 

AV. 

51. 101 

P  B 

155. 103 

207  12  07.  03 

S.  137.949 

AV.  70.902 

N. 

43.  486 

E. 

262.  451 

*K 

N. 

84.  064 

E. 

211.350 

P  K 

266.  03 

80  35  31.  37 

N.  43.  486 

E.  262.  451 

*  This  ia  the  K  referred  to  by  Lieutenant  Galwey  in  his  report. 
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NOTES  ON  GEODETIC  FORMULAE. 


By  Lieut.  F.  V.  Greene. 


Pole. 


The  formulm  used  in  obtaining  the  offsets  from  the  tangent  to  the  parallel  are 
simply  modifications  of  the  general  formulae  for  geodetic  latitudes,  longitudes,  and 
azimuths.  The  general  problem  is,  given  the  latitude  and  longitude  of 
M,  the  length  of  M  If  and  its  azimuth  at  If;  required  the  latitude  and 
longitude  of  If,  and  the  azimuth  of  If  If  at  IF. 

If  the  earth  were  a  perfect  sphere,  the  solution  of  the  spherical  tri¬ 
angle,  of  which  three  parts  are  given,  would  afford  the  desired  result 
exactly;  and  the  early  geographers  used  this  solution,  taking  as  a 
radius  of  the  terrestrial  sphere  the  radius  of  curvature,  as  accurately  as  their  knowl¬ 
edge  of  the  earth’s  figure  gave  it,  at  the  middle  point  of  ilf  IF.  The  error  was  not  so 
large  as  would  at  first  appear,  being  only  about  two  feet  iu  fifty  miles. 

In  the  measurement  of  the  French  arc  of  meridian,  however,  more  accurate  for¬ 
mulae  were  devised — that  is,  to  the  formulae,  as  derived  above,  were  applied  corrections 
necessitated  by  the  spheroidal  figure  of  the  earth.  And  in  deducing  the  formulae,  in¬ 
stead  of  using  Napier’s  Analogies  directly,  formulae  derived  from  these  were  used,  in 
which  the  values  of  sines,  cosines,  &c.,  were  expressed  in  the  form  of  a  series.  This 
is  really  only  an  approximation  “of  indefinite  accuracy,”  but  in  its  application  it  gives 
results  numerically  more  accurate  than  the  direct  formulae,  owing  to  the  imperfection 
of  the  tables  of  logarithmic  sines,  &c.,  for  very  small  arcs. 

The  corrections  on  account  of  spheroidal  figure  will  be  readily 
apparent  from  the  accompanying  figure.  Let  If  and  If  be  the 
two  points,  and  P  the  pole  of  the  earth;  N  If  the  normal  at  If, 
and  p  the  pole  of  a  sphere  with  that  radius ;  ilf  N  the  normal  at 
If;  Pa  the  meridian  from  which  longitudes  are  reckoned.  Now 
the  solution  by  spherical  trigonometry  gives  for  colatitude  of  If 
the  arc  p  If  =p  W  IF;  but  the  true  colatitude  is  the  angle  p 
N~  If,  being  the  angle  between  the  normal  at  ilf  and  the  axis. 
The  difference  between  the  two  is  the  angle  N'  ilf  IT  =  </'. 

There  is,  evidently,  no  correction  to  the  longitude  for  the 
angle  ill  p  ilf  =  ilf  P  ilf,  since  each  is  the  angle  cut  from  two  planes  by  a  plane  per¬ 
pendicular  to  their  intersection. 


255 


256 


UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


The  correction  to  the  azimuth  is  the  difference  between  the  angle  p  W  M  and 
P  M'  M.  This  correction  can  always  be  neglected,  being  equal  to  less  than  one-tenth 
of  a  second  in  a  hundred  miles. 

The  general  formulae  are  then  as  follows  (neglecting  terms  beyond  second  order, 
which  can  be  done  for  distances  less  than  fifty  miles)  :* 


(a)  E  —  E'  =  (u  cos  Z  +  %  u2  sin  1"  sin2  Z  tan  H)  (1  +  e2  cos2  R) 


(*) 


P'  -P 


n  sin  Z  f 
=  COS  JL  ~  2 


v?  sin  1"  sin  2  Z 


tan  E 
cos  E 


(c)  Z'  —  Z  =  180°  —  u  sin  Z  tan  E  +  %  u2  sin  V  sin  2  Z{\  +  2  tan2  E) 


in  which  u 


K  (1  —  e2  sin2  Ef-  _  E  1 

a  sm  1"  E  sin  1" 


and  E  =  Normal  or  radius  of  curvature 
E  and  E  =  Latitudes. 

P  and  P‘  =  Longitudes. 

Z  and  Z'  =  Azimuths. 


For  our  special  case,  j  ^  \  aD<^  formulae  become 


E,  K2  tau  H(l  +  e2  cos2  E)i 

11  ^  2  E2  sin  1"  A  L . 

. ..  .log  G  -  2.4383317 

K) 

E  - 

(V) 

P<  - 

P  K  A  sm  1"  cos  E  K  C  . 

....log  C'  -  9.0302014 

{&) 

Zf 

-  900  -  K 

....log  C"  -  9.0080412 

Of  these  logarithms  the  first  is  the  logarithm  of  O,  in  feet,  obtained  by  multiplying 
C  iu  arc  by  101.34,  the  value  of  oue  second  of  latitude  at  49°.  The  others  are  in  arc. 

From  these  simple  formulae,  by  substituting  for  K  the  length  of  tangent  in  feet,  we 
can  form  a  table  of  offsets  and  azimuths  for  the  argument  K.  In  the  table  used  in  the 
field,  the  arguments  were  miles  and  thousands  of  feet;  between  the  latter  it  was  easy 
to  interpolate.  A  portion  of  this  table  is  here  given. 

*  See  Puissant,  Traitd  de  G6od6sie  (edition  18111),  livro  HI,  chapitre  XV.  In  addition  to  the  solution 
indicated  above,  he  gives  a  very  elegant  method,  first  propcsed  by  Legendre,  which  employs  the  differ¬ 
ential  calculus.  Each  of  the  required  quantities  is  necessarily  a  function  of  the  length  of  M  M.  These 
functions  are  developed  by  Maclaurin’s  theorem,  and  for  the  differential  co-efficients  are  substituted  their 
values  in  terms  of  the  circular  functions.  The  resulting  formulae  are  the  same  as  those  given  above,  after 
applying  the  spheroidal  correction  for  latitude. 
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OFFSETS  AND  AZIMUTHS. 


Miles. 

K. 

R—E'. 

Z‘. 

Feet. 

Feet. 

o  //  / 

1000 

.03 

89  59  48. 7 

2000 

.11 

37.4 

3000 

.24 

26. 1 

4000 

.44 

14.8 

5000 

.69 

03. 5 

1 

5280 

.76 

00.2 

6000 

.99 

58  52.1 

7000 

1.34 

40.9 

8000 

1.76 

29.6 

9000 

2. 22 

18.3 

10000 

2.74 

07.0 

2 

10560 

3.  06 

00.5 

3 

15840 

6.  88 

57  00. 7 

4 

21120 

12. 24 

56  00.9 

5 

26400 

19. 12 

55  01. 2 

10 

52800 

76.  49 

50  02. 4 

15 

79200 

172. 10 

45  03. 6 

20 

105600 

305. 96 

40  04.8 

25 

132000 

478. 06 

35  06.0 

30 

158400 

688. 40 

30  07.2 

In  this  connection,  it  is  a  matter  of  some  interest  to  see  how  much  numerical  error 
would  result  from  neglecting  the  spheroidal  corrections. 

These  results  are  shown  in  the  accompanying  table,  in  which  the  column  0  con¬ 
tains  the  accurate  offsets,  and  Oi  those  derived  from  the  formulae,  neglecting  spheroidal 
corrections. 


Miles. 

O. 

Ou 

5 

19. 12 

19.  07 

10 

76.  49 

76.27 

15 

172. 10 

171.61 

20 

305. 96 

305. 08 

The  formulae  used  in  the  British  Ordnance  Survey  are  derived  by  solving  the 
spherical  triangle  by  Napier’s  Analogies,  and  then  introducing  the  correction  to  the 
latitude  in  the  form  of  a  series.  Their  general  form  is  as  follows,  the  letters  repre¬ 
senting  the  same  quantities  as  before : — 


tan  \  (Z'  -f  C  +  P)  = 


cos  J  (90°  —  H  —  0) 
cos  \  (90°  —  H  +  0) 


cot  £  Z 


tan  £  {Z1  -f  C  -  P)  = 


sin  £  (90°  _  ft  _  0) 
sin  l  (90°  -  R  +  6) 


cot  £  Z 


N  B 


17 
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" ■ - 1  “ I  £* (fie* +1)0  +  itcos‘ » <z' 


*>) 


C  =  i  e  °  -v  cos2  -g  sin  2  Z 
*  1  —  e2 


For 


(  Z  =  90°  ) 
}  i/  =  490  ] 


tan  i  (Z'  +  P)  = 


cos  £ 


these  reduce  to 


(41°-§) 


cos£  (41°  +  ^) 


tan  \  (Z1  —  P) 


sin  i  (  41°  -  ^ 


sin 


i  f41° 


+ 


K 

N 


,  _  if  sin  £  {Z1  -  900)  /  ZK\2  cos2  i  (Zf  -  90°)\ 
It  sin  \  {Zf  +  90°)  V  +  \N  )  12  ) 


For  general  purposes  of  geodetic  calculation,  these  formulae  are  as  convenient  as 
those  given  by  Puissant;  but  for  our  special  purposes  they  are  extremely  inconvenient, 
for  the  variable  quantity  JT,  or  length  of  tangent,  does  not  appear  as  a  factor,  but  as 
part  of  a  factor,  and  all  three  equations  must  be  solved  to  obtain  a  single  offset, 
•whereas,  as  we  have  seen,  with  Puissant’s  formulae  only  one  equation  need  be  solved, 
viz,  H  —  E'  =  E2  G.  The  numerical  result  is  exactly  the  same,  in  both  cases. 


CHAPTER  V. 


THE  MEAN  AND  ASTRONOMICAL  PARALLEL. 

An  astronomical  parallel  of  latitude  is  the  line  of  intersection  of  the 
surface  of  the  earth  by  a  cone  whose  apex  is  at  the  center  of  normals 
and  whose  elements  make  an  angle  with  the  axis  of  the  earth  equal  to  the 
complement  of  the  latitude. 

The  earth  being  considered  a  spheroid  or  an  ellipsoid  of  revolution, 
each  parallel  of  latitude  is  mathematically  a  circle.  But  owing  to  irregu¬ 
larities  of  elevation  in  the  surface,  the  parallel  is  actually  a  curve  of  irregu¬ 
lar  curvature,  approximating,  however,  very  closely,  in  its  general  course, 
to  a  circle.  Rejecting  instrumental  and  local  errors,  such  a  curve  would  be 
determined  by  fixing  each  point  astronomically.  If  the  connection  between 
successive  astronomical  stations  on  a  given  parallel  of  latitude  were  made 
by  tangents  to  a  small  circle,  the  resulting  errors  would  be  very  great, 
depending  on  the  relative  altitude  of  the  stations  and  the  latitude.  As, 
however,  in  practice,  the  stations  are  connected  by  tangents  to  a  great 
circle,  the  resulting  errors  are  insignificant  and  may  be  neglected.  It  is 
manifestly  the  true  and  the  only  possible  parallel  of  latitude,  although  not 
a  mathematical  figure.  For  purposes  of  geodetic  computation,  it  must  be 
referred  to  a  uniform  sea-level,  when  it  becomes  a  circle.  For  all  ordinary 
purposes,  this  may  be  assumed  as  the  true  shape. 

In  marking  a  parallel  of  latitude  on  the  actual  surface  of  the  earth, 
another  and  most  serious  difficulty  is  at  once  encountered  in  the  anomalous 
deflections  of  the  plumb-line,  due  to  local  attractions.  All  astronomical 
determinations  are  referred,  by  means  of  the  level,  to  the  direction  of  the 
resultant  force  of  gravity.  If,  then,  this  direction  is  affected  by  the  protru¬ 
sion  above  the  surface  of  mountain-masses,  or  by  variations  in  the  density 
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of  the  earth’s  crust  below  the  surface,  each  astronomical  determination  will 
be  in  error  by  the  amount  of  such  deflection.  Science  affords  only  approx¬ 
imate  methods  of  correcting-  these  errors,  and  they  of  such  difficult  and 
doubtful  application  as  to  be  of  no  practical  use,  except  in  extreme  cases, 
and  for  exceptional  purposes.  In  a  triangulation,  the  relation  of  the  various 
points  depends  solely  on  the  measurement  of  horizontal  angles,  and  is  not 
appreciably  affected  by  local  disturbances,  though  the  whole  system  will 
be  in  error  by  the  amount  of  the  error  in  position  of  the  astronomical  station 
to  which  it  is  referred. 

If,  therefore,  it  were  desired  to  lay  out  upon  the  surface  of  the  earth  a 
mathematical  circle  of  latitude,  the  relative  positions  would  be  made  to 
depend  upon  a  series  of  triangles,  referred  to  a  measured  base  and  a  mean 
astronomical  position.  But  in  the  definition  of  a  circle  of  latitude  for  the 
purposes  of  a  boundary,  practical  rather  than  mathematical  considerations 
determine  the  methods  to  be  followed.  The  ruling  conditions  may  be 
briefly  stated.  The  boundary  must  be  clearly  defined  by  visible  monu¬ 
ments,  and  the  positions  of  these  marks  must  be  such  that,  in  case  of  their 
loss,  the  points  can  be  easily  and  accurately  recovered.  The  only  simple 
method  of  recovery  is  by  astronomical  observation,  and  since  the  local 
deflections  of  the  plumb-line  are  supposed  not  to  vary  for  long  periods  of 
time,  the  process  is  easy  and  accurate. 

At  the  time  of  the  organization  of  this  joint  commission,  the  chief 
astronomers  of  the  English  and  United  States  commissions  were  in  accord 
in  this  view,  that  the  parallel  of  latitude,  as  defined  by  astronomical  obser¬ 
vation  at  successive  points,  was,  for  the  purpose  required,  a  true  parallel, 
and  the  only  one  that  would  fulfill  the  practical  condition  of  being  readily 
recovered.  The  question  as  presented,  and  which  at  the  time  gave  rise  to 
much  discussion,  was  whether  to  define  upon  the  ground  an  astronomical 
parallel  of  latitude,  as  above  described,  or  a  uniform  line  depending  upon 
the  mean  of  the  astronomical  stations.  The  recommendation  of  the  chief 
astronomers  was  based  on  the  following  grounds:  1st,  that  the  portion  of 
the  parallel  of  49°  included  within  the  operations  of  the  commission,  being 
only  about  one-twentieth  of  the  entire  circle  of  latitude,  was  not  sufficient 
to  fix,  with  any  mathematical  accuracy,  the  true  position  of  the  mean  line 


U.S. NORTHERN  BOUNDARY  COMMISSION 


DIAGRAM 

showmcd 

M ETH 0 D © rTRAC I N C  PARA 

Scale  of  Ordinate s  1  inch-  —  1000  feet 


I  >,-‘i 

-&>-  t'f  Tangent  lines 


%c 


Parallel  as  marked  dry  mounds 

-  c  i  Parallels  of  the  Astronomical  Stations 

♦.-c'J 

Mean  Parallel 


nvr  mJ;  m 


6  ta  t/ons 

Distances 

Station  Errors 

From  Mean  Parallel 

Mid  Coteau 

Z(T  014 

* 

180.0  N 

Brit  N°  20 

24  ”  601 

373*  7 

S 

ft 

14. 35  permile 

195.7  S 

Bully  Spring 

22" 202 

1115 

N 

4.55  «  •• 

82.2  S 

Poplar  River 

181  .7 

N 

8.18  »  -• 

99-5  N 

Sinclair  iSoTi,  PRoto-litL. 


REPORT  OF  THE  CHIEF  ASTRONOMER. 


261 


of  49°,  and  that,  therefore,  if  such  a  parallel  were  described,  depending-  on 
the.  mean  of  the  astronomical  stations,  no  known  point  of  the  boundary 
would  be  in  latitude  49°;  2d,  that  as  the  amplitude  of  the  arcs  included 
between  the  mean  and  the  astronomical  parallels,  would  in  many  cases  be 
very  considerable,  grave  errors  and  complications  might  arise  in  the  subse¬ 
quent  recovery  of  any  lost  portion  of  the  boundary;  3d,  that  the  definition 
of  a  mean  line  would  involve  a  readjustment  of  the  whole  boundary,  after 
the  first  careful  survey  should  have  been  completed,  and  consequently  a 
very  considerable  increase  of  expense,  without  any  practical  benefit  accru¬ 
ing;  4th,  that  for  every  purpose  except  that  of  geodetic  computation,  a 
parallel  consisting  of  points  determined  astronomically  (instrumental  errors 
aside)  is  a  true  parallel  of  latitude,  and,  therefore,  fulfills  the  stipulations  of 
the  treaty  under  which  the  joint  commission  was  organized. 

These  views  were  accepted  by  the  commissioners,  and  the  following 
scheme  adopted  for  the  definition  of  the  boundary:  Astronomical  positions 
were  to  be  determined  at  approximate  intervals  of  twenty  miles.  These 
stations  were  to  be  connected  by  tracing  upon  the  ground  tangents  to  the 
prime  vertical  circles  at  each  successive  point.  From  these  tangents, 
checked  and  corrected  for  errors  of  azimuth,  the  calculated  offsets  to  the 
small  circle  of  latitude  were  to  be  measured  at  convenient  intervals,  varying 
from  one  to  three  miles.  From  the  last-measured  offset  the  relative  station- 
error  was  to  be  found,  and  distributed  between  the  stations  in  the  ratio  of 
the  distances. 

From  this  method  it  results  that  the  boundary-line,  as  actually  traced, 
is  an  irregular  curve,  affected  at  each  astronomical  station  by  instrumental 
errors  and  by  the  local  deflections  of  the  plumb-line,  but  making  the  closest 
probable  approximation,  at  every  point,  to  a  true  astronomical  parallel. 

In  the  accompanying  diagram  I  have  attempted  to  explain,  by  a  graphic 
representation,  the  amount  of  the  discrepancies  between  the  line  actually 
defined  and  a  mean  line,  and  to  show  approximately  the  probable  causes  of 
relative  errors  indicated.  I  have  also  added  to  this  report  a  table  of  azimuths, 
showing  the  actual  direction  from  each  monument  to  the  next  succeeding 
one  going  west  (see  page  35  to  page  40). 

As  this  is  a  subject  with  which  comparatively  few  persons  are  familiar, 
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a  short  statement  of  the  amount  of  such  relative  errors  in  other  geodetic 
work,  and  of  the  methods  by  which  it  has  been  attempted  to  correct  them, 
will  not  be  out  of  place;  after  which  will  naturally  follow  the  application 
of  the  general  theory  to  the  case  in  hand.  (For  full  and  complete  discus¬ 
sion,  see  Encyclopedia  of  Astronomy,  Airy;  English  Ordnance  Survey, 
Clarke;  Figure  of  the  Earth,  Pratt,  fourth  edition.) 

Local  deflections  of  the  plumb-line,  due  to  the  attraction  of  compara¬ 
tively  small  masses,  is  argued  from  the  general  law  of  attractions,  from 
direct  experiment,  and  from  the  lack  of  agreement  between  the  astronom¬ 
ical  and  geodetic  determinations  of  the  relation  of  points  on  the  earth’s 
surface,  as  developed  in  the  measurement  of  certain  meridional  arcs,  which 
discrepancies  exceed  in  amount  any  possible  instrumental  error  or  error  of 
calculation. 

The  first  experiments  on  local  deflection  were  directed  toward  the  de¬ 
termination  of  the  mean  density  of  the  earth.  In  the  progress  of  this  in¬ 
vestigation  at  Shehallein,  Scotland,  an  anomalous  deflection,  amounting  to 
11".6,  was  found  between  two  stations  on  opposite  sides  of  the  mountain. 
Various  other  measures  of  deflection  were  obtained  at  different  times  by 
similar  methods,  but  none  of  any  reliable  accuracy  until,  in  investigating 
the  form  of  the  earth  by  the  measurement  of  meridional  arcs,  relative  errors 
which  could  not  be  reconciled  were  found  to  exist  between  most,  if  not  all, 
of  the  astronomical  points.  Even  in  this  case  the  absolute  deflections  were 
not  found,  since  each  station  was  referred  to  the  mean  of  all  by  a  mean 
curve  which  reduced  the  sum  of  the  errors  to  a  minimum,  and  which, 
therefore,  only  approximately  satisfied  the  conditions — that  is,  the  method 
would  not  detect  constant  or  uniformly  varying  errors. 

In  the  three  great  measured  arcs  the  local  errors  due  to  deflection  vary 
from  — 3".384  to  -f4".826  in  the  Anglo-Gallic,  from  — 2//.4'29  to  +3A809 
in  the  Russian,  and  from  — 3".  155  to  -{-3".122  in  the  Indian  arc,  showing 
an  extreme  range  of  S".210,  6". 238,  and  6".277,  respectively  (Pratt’s 
Figure  of  the  Earth).  As  each  second  of  arc  represents  about  one  hundred 
and  one  feet,  the  discrepancies  are  quite  apparent,  and  are  readily  detected 
by  geodetic  methods  of  any  tolerable  accuracy.  Other  and  much  larger 
relative  errors  have  been  discovered,  amounting  to  20",  30",  and  even  40" 
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(Airy’s  Figure  of  the  Earth,  Encyclopedia  of  Astronomy),  though  the  data 
in  these  extreme  cases  are  not  entirely  reliable. 

The  fact  of  local  deflections  being  established,  the  attention  of  mathe¬ 
maticians  was  turned  to  the  investigation  of  the  causes  and  probable  correc¬ 
tions.  In  this  much  ingenuity  has  been  displayed,  but  with  very  small  results. 
Starting  with  the  general  law  that  every  particle  of  matter  attracts  each  other 
particle  with  a  force  varying  directly  with  the  mass  and  inversely  with  the 
square  of  the  distance,  the  attraction  of  masses  of  mathematical  forms  on  dis¬ 
tant  particles  was  found  by  dividing  mountain-ranges  and  other  elevations 
into  volumes  bearing  known  mathematical  relations;  the  probable  deflection 
of  the  plumb-line  due  to  such  causes  was  found  for  different  distances,  on 
the  supposition  that  the  mean  density  of  the  large  volumes  was  uniform  for 
different  parts  of  the  earth’s  crust.  Thus,  it  was  found  that  at  the  northern 
station  of  the  great  Indian  arc  the  attraction  of  the  Himalayas  should  cause 
a  deflection  of  28//,  which  should  decrease  at  the  next  two  principal  stations 
by  15".9  and  21".  1,  respectively,  while  the  deficiency  of  matter  in  the  ocean 
should  produce  similar  northern  deflections.  These  calculations  were  not 
absolute,  since  the  contour  of  the  mountains  and  of  the  ocean-bed  was  only 
approximately  known,  but  the  approximations  were  supposed  to  be  suffi¬ 
ciently  close.  It  was  found,  however,  that  the  actual  deflections  were 
much  smaller  than  those  given  by  calculation,  and  that,  in  many  cases,  the 
deflection  was  toward  the  ocean.  The  explanation  of  this  lies  in  the  vary¬ 
ing  density  of  the  earth’s  crust.  The  facts  discovered  indicate  that  the  den¬ 
sity  is  greatest  in  the  depressed,  and  less  in  the  elevated  portions.  This 
follows  naturally,  although  in  reality  independent  of  any  special  theory, 
from  the  fluid  hypothesis  of  the  earth’s  formation.  The  process  of  cooling 
from  the  surface  inward  was  accompanied  by  a  corresponding  contraction 
and  increase  of  density.  From  this  contraction  resulted  enormous  strains 
on  the  interior  fluid  portion,  which  were  relieved  by  fractures  of  the  crust 
and  the  upheaval  of  mountain-ranges.  While  the  thickness  of  the  solid 
portion  is  now  so  great  as  to  prevent  general  catastrophes,  such  as  very 
probably  occurred  in  earlier  times,  yet  there  still  remain  vast  molten  masses 
inclosed  within  the  crust,  which  from  time  to  time  give  evidence  of  their 
presence  by  volcanic  eruptions. 
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From  this  theory  of  the  gradual  cooling  and  contraction  of  the  earth’s 
crust,  the  attraction  of  the  plumb-line  toward  the  ocean  naturally  follows, 
since  the  density  would  be  greatest  beneath  the  depressed  basins  into  which 
the  waters  of  the  seas  gradually  flowed. 

In  calculating  the  deflections  of  the  plumb-line  due  to  visible  mountain- 
masses,  it  has  been  found  that  the  calculated  relative  errors  very  largely 
exceed  those  derived  from  the  observations  and  geodetic  connections.  From 
this,  a  deficiency  of  matter  beneath  the  mountain-ranges  was  at  once  in¬ 
ferred,  either  resulting  from  vacant  spaces  or  from  a  decreased  density. 
The  latter  supposition  recommends  itself  as  the  most  probable,  and  most  in 
accord  with  the  accepted  theory  of  the  gradual  consolidation  of  the  earth’s 
crust.  The  effect  of  a  very  slight  deficiency  in  density  on  the  direction  of 
the  plumb  is  strikingly  shown  by  the  subjoined  table,  taken  from  Pratt’s 
Figure  of  the  Earth: — 

Deflections  caused  by  an  excess  or  defect  of  matter  prevailing  through  a  semi  cubic  space  200 
miles  in  each  horizontal  side  and  100  miles  deep,  the  density  of  the  excess  or  defect  being 
T<5o  °f  earth’s  density  at  the  center  of  the  semi-cubic  space. 


Distance  of  the  mid-point,  of  the 
semi-cnhic  space  from  the  sta¬ 
tion,  measured  along  tho  chord, 
in  miles. 

400 

000 

800 

1,000 

When  that  center  ia  50  miles  deep . 

1".  77 

T— 4 

00 

o 

0".  46 

0".  29 

From  this  we  see  at  once  how  great  the  local  disturbance  from  this 
cause  may  be,  and  over  what  immense  distances  the  appreciable  effects  may 
extend.  It  also,  as  a  natural  consequence,  indicates  that  every  effort  to  cal¬ 
culate  the  amount  of  the  errors  resulting  from  local  deflections  must  be  con¬ 
fined  to  localities  where  the  immediate  effect  of  large  visible  masses,  near 
at  hand,  wrill  greatly  exceed  in  amount  the  resultant  of  all  the  distant  dis¬ 
turbing  forces. 

The  accompanying  sketches  will  illustrate  sufficiently  the  amount  of 
the  local  deflections  along  the  northern  boundary,  from  the  Lake  of  the 
Woods  to  the  Rocky  Mountains,  and  will  make  clear  to  land-surveyors, 
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and  others  who  may  have  occasion  to  close  their  work  on  this  line,  the 
cause  of  the  constant  changes  in  the  azimuths,  which,  unless  perfectly 
understood,  might  at  some  time  give  much  trouble  in  adjusting  their  work. 

The  first  diagram,  showing  the  “method  of  tracing  the  parallel,”  gives 
the  actual  line,  as  adjusted  and  marked,  between  the  astronomical  stations 
at  the  Mid-Coteau  and  at  the  Poplar  River,  including  two  intermediate 
stations,  the  heavy  line  being  the  boundary,  as  marked,  and  the  light  con¬ 
tinuous  line  the  relative  position  of  the  mean  parallel  of  latitude,  deduced 
from  the  entire  series  of  forty-one  stations  between  the  Lake  of  the  Woods 
and  the  summit  of  the  Rocky  Mountains.  The  remaining  lines  show  the 
method  of  connecting  the  stations,  the  calculated  offsets,  and  the  manner  of 
distributing  the  relative  errors  in  latitude  due  to  local  deflections  of  the 
plumb-line.  This  discrepancy  between  succeeding  astronomical  points  I 
have  been  in  the  habit  of  designating  as  the  “  Station-error.” 

From  the  attached  table,  it  will  be  seen  that  the  station-errors  affect 
the  azimuths  between  different  stations  by  a  variable  quantity,  but  in  every 
case  by  an  amount  sufficient  to  be  easily  appreciable  with  ordinary  survey¬ 
ing  instruments. 

In  regard  to  the  accuracy  of  the  instrumental  line,  a  few  words  of 
explanation  will  be  sufficient  to  indicate  at  about  what  amount  the  limit  of 
error  for  the  astronomical  and  other  instrumental  work  may  be  fixed. 

Of  the  forty-one  astronomical  stations,  four  were  observed  jointly  by 
the  two  commissions,  the  difference  in  the  determinations  in  each  case  being 
thirty-two  feet,  twenty-nine  feet,  seven  feet,  and  twenty-seven  feet,  respect¬ 
ively.  As  those  were  the  first  stations  observed,  and  as  the  general  quality 
of  the  work  constantly  improved,  it  is  probable  that  if  the  others  had  been 
observed  jointly,  a  very  considerable  reduction  in  the  average  discrepancies 
would  have  been  found.  Of  the  remaining  stations,  seventeen  were  observed 
by  the  United  States,  nineteen  by  the  English  astronomers,  and  one  jointly 
by  the  Northwestern  Boundary  Commission.  The  mean  of  the  probable 
errors  of  the  British  stations  was  ±".088,  and  of  those  of  the  United  States 
±".059.  The  average  of  the  probable  errors  is  then  a  fraction  over  seven 
feet.  Although  such  mathematical  probable  errors  are  more  or  less  falla¬ 
cious  owing  to  the  fact  that  constant  errors  are  not  included,  still  they  give 
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a  fair  measure  of  the  general  character  of  the  work  done,  and  offer  sufficient 
ground  for  the  conclusion  that,  if  re-observed,  the  difference  in  any  one  case 
would  hardly  exceed  twenty-five  feet,  while  a  general  mean  would  probably 
not  exceed  seven  feet. 

From  an  examination  of  the  geodetic  connections,  it  will  be  seen  that 
the  mean  error  of  the  connecting  tangents,  in  azimuth,  is  about  14",  which 
would  imply  an  error  of  connection  between  the  stations  of  nine  feet. 

In  agreements  between  the  chief  astronomers  of  the  joint  commission 
in  beginning  the  work,  the  limit  of  error  was  supposed  to  be  less  than  fifty 
feet  in  the  astronomical  positions  and  the  geodetic  connection  between  two 
neighboring  stations.  From  the  results  of  the  work  this  may  safely  be 
taken  as  the  extreme  limit,  while  the  average  errors,  everything  included, 
will  doubtless  be  much  smaller.  Assuming,  then,  that  the  limiting  error  is 
fifty  feet,  we  find  that  the  supposition  will  account  for  less  than  one-fourth 
of  the  average  station-error,  which,  as  will  be  seen  by  reference  to  Table 
A,  amounts  to  2".  146,  or  about  two  hundred  and  seventeen  feet,  each 
station  being  referred  to  the  mean  of  all,  or  less  than  one-sixteenth  of  the 
extreme  deflection,  as  shown  at  station  34. 

To  illustrate  this  matter  more  fully,  I  have  prepared  the  accompanying 
diagram,  showing  the  “relative  errors  of  astronomical  stations  in  latitude, 
resulting  from  local  deflections  of  the  plumb-line.”  It  must  be  borne  in 
mind  that  in  tracing  a  parallel  by  observed  latitudes,  only  one  component 
of  the  deflection  is  detected — that  is,  the  component  in  the  direction  north 
and  south — since  that  in  the  direction  east  and  west  depends  on  a  determi¬ 
nation  of  longitude  more  accurate  than  is  compatible  with  the  economic 
interests  of  such  a  survey.  The  diagram  referred  to  shows:  1st.  A  profile 
of  the  line ;  2d.  The  relation  of  each  astronomical  position  to  the  mean 
parallel;  3d.  The  topography,  so  far  as  known,  extending  for  half  a  degree 
on  either  side.  It  is  scarcely  necessary  to  say  that  beyond  five  miles,  which 
was  the  limit  of  actual  survey,  the  contours  are  only  approximately  known. 

In  examining  the  profile,  the  first  general  fact  which  strikes  the  eye  is 
that  from  the  lowest  point  of  the  basin  of  the  Red  River  to  the  foot  of  the 
Rocky  Mountains,  a  distance  of  about  seven  hundred  and  forty  miles,  there 
is  a  gradual  rise  of  about  3,425  feet,  or  an  average  of  4.6  feet  to  the  mile. 
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But  this  profile  is  not  drawn  along  the  axis  of  greatest  slope.  The  axial 
lino  of  the  Coteau  of  the  Missouri  extends  from  northwest  to  southeast, 
making  nearly  an  angle  of  45°  with  the  meridian.  As  this  Coteau  consists 
of  a  mass  of  drift  deposited  by  icebergs  grounding  against  the  inclined 
plane  when  in  a  state  of  submergence,  it  necessarily  represents  very  nearly 
the  line  of  equal  altitude,  from  which  it  follows  that  the  line  of  greatest 
slope  is  in  a  direction  from  southwest  to  northeast.  The  general  direction 
of  the  base  of  the  Rocky  Mountains  also  conforms  to  this  view.  It  is  then 
evident  that,  taking  into  account  both  the  large  mountain-masses  and  the 
general  slope  of  the  comparatively  level  country,  the  deflections  should  be 
found  toward  the  southwest,  and  increasing  from  east  to  west,  and  that  the 
mean  parallel,  as  determined  from  these  stations,  probably  dips  to  the  south 
at  the  western  end. 

In  considering  the  line  more  in  detail,  the  effect  of  purely  local  attrac¬ 
tions  is  at  once  seen,  strongly  predominating  over  the  supposed  general 
direction  of  the  deflection.  Beginning  at  station  No.  1  on  the  Lake  of  the 
Woods,  the  station-errors  accumulate  rapidly  toward  the  north,  reaching  a 
maximum  at  No.  5.  This  curious  effect  is  probably  due  to  one  of  two 
causes,  or  perhaps  in  part  to  both.  The  first  is  the  difference  in  the  density 
of  the  substratum  extending  from  station  1  to  station  4  (Dawson’s  report  on 
the  geology  along  the  forty-ninth  parallel,  a  case  very  similar  to  the  anom¬ 
alous  deflection  observed  at  Moscow,  and  attributed  by  Pratt  to  the  presence 
of  a  dike  of  increased  density  beneath  the  surface),  while  a  second  cause 
may  be  found  in  an  increased  density  of  the  strata  underlying  the  system 
of  lakes  to  the  north,  represented  by  lakes  Manitoba  and  Winnipeg.  Going 
west,  these  effects  diminish,  while  that  of  the  high  plateau  of  Northern 
Dakota  is  sensibly  felt,  so  that  at  station  9  the  line  is  again  in  its  normal 
position,  and  so  remains,  with  slight  variations,  due  to  local  irregularities, 
as  far  as  station  23.  From  this  point  the  attraction  of  the  high  divide  be¬ 
tween  the  Milk  River  and  the  waters  of  the  Saskatchewan  makes  itself  felt, 
*  increasing  to  a  maximum  at  station  29,  south  of  the  Cypress  Hills.  Here 
the  enormous  intrusive  masses  of  the  three  buttes  produce  a  violent  disturb¬ 
ing  effect,  drawing  the  astronomical  parallel  to  the  south,  at  an  average  rate 
of  fourteen  feet  to  the  mile,  for  a  distance  of  one  hundred  miles,  reaching 
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the  most  southerly  point  of  the  boundary  at  station  34,  which  was  situated 
immediately  to  the  northwest  of  the  West  Butte,  on  the  slope  of  the  foot¬ 
hills.  Relieved  from  the  attraction  of  the  butte,  stations  35,  36,  and  37  are 
again  found  nearly  on  the  mean  line.  Stations  38  and  39  show,  by  a  marked 
deflection  to  the  south,  the  effect  of  the  attraction  of  the  Chief  Mountain, 
a  vast  precipitous  mass  lying  five  miles  south  of  the  line,  and  rising  to  a 
height  of  8,000  feet  above  the  sea.  The  extreme  deflection  at  39  was  prob¬ 
ably  due  also,  in  some  degree,  to  the  general  mass  of  the  mountain -range. 
The  connections  on  40  and  41  are  not  sufficiently  accurate  to  give  a  just 
basis  of  comparison,  but  as  these  stations  were  both  in  the  midst  of  the 
main  range,  the  deflections  would  probably  be  found  to  be  anomalous. 

The  data  for  computing  the  amount  of  the  local  attractions  along  this 
line  are  very  insufficient,  except  in  the  case  of  the  station  34,  at  the  West 
Butte.  As  a  matter  of  scientific  interest,  I  append  a  table  of  the  actual  and 
calculated  deflections,  as  computed  by  Lieut.  F.  V.  Greene,  with  an  expla¬ 
nation  of  the  methods  employed.  (See  page  402.) 

W.  J.  TWINING, 

Captain  of  Engineers,  Chief  Astronomer. 


APPENDIX  A 


TO 

REPORT  OF  CAPT.  W.  J.  TWINING, 

CORPS  OF  ENGINEERS, 

CHIEF  ASTRONOMER. 


269 


REPORT  OF  OAPT.  JAMES  F.  GREGORY,  CORPS  OF  ENGINEERS,  UNITED 

STATES  ARMY. 

Office  United  States  Northern  Boundary  Commission, 

Washington ,  D.  C.,  June  20,  1876. 

Captain:  I  have  the  honor  to  submit  herewith  my  report  of  the 
operations  conducted  under  my  charge  upon  the  Survey  of  the  United 
States  Northern  Boundary  line,  from  the  Lake  of  the  Woods  to  the  Rocky 
Mountains. 

Very  respectfully,  your  obedient  servant, 

JAMES  F.  GREGORY, 

Captain  of  Engineers. 

Capt.  W.  J.  Twining, 

Corps  of  Engineers ,  United  States  Army , 

Chief  Astronomer ,  United  States  Northern  Boundary  Commission. 


PRELIMINARY. 

I  was  detailed  for  duty  upon  this  work  by  Special  Orders  No.  131, 
War  Department,  Adjutant-General’s  Office,  June  7,  1872,  and  accordingly 
reported  in  person  to  the  Adjutant-General  of  the  Army,  and  by  subsequent 
orders  from  the  same  authority,  by  letter,  to  the  honorable  the  Secretary 
of  State.  In  accordance  with  instructions  from  the  Assistant  Secretary  of 
State  then  Acting  Secretary,  I  reported  for  duty  with  the  United  States 
Northern  Boundary  Commission,  to  Maj.  F.  U.  Farquhar,  Corps  of  Engi¬ 
neers,  then  Chief  Astronomer,  since  which  time  I  have  been  continuously 
on  duty  with  the  Commission.  an 
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The  following  report  comprises  a  general  description,  by  seasons,  of 
the  movements  and  operations  of  parties  which  were  under  my  charge,  and 
detailed  descriptions  of  astronomical,  geodetic,  and  barometric  work  per¬ 
formed  by  myself,  or  under  my  direction,  with  appended  tabulated  records 
and  results. 

In  the  season  reports  I  have  merely  mentioned  the  general  movements 
of  my  parties  during  the  time  that  I  was  in  company  with  the  Chief  Astron¬ 
omer,  and  acting  under  his  immediate  direction,  and  have  noticed  more  at 
length  similar  movements  and  operations  when  performed  under  my  own 
direction,  when  acting  independently  under  his  general  instructions. 

During  the  winter  succeeding  each  season’s  work  in  the  field,  I  have 
been  engaged  in  the  office  of  the  Commission  in  supervising  and  aiding  in 
the  computation  and  compilation  of  field  records  and  results,  and  in  the 
preparation  of  materials,  and  such  computations  as  were  desirable  and 
necessary  for  the  field-work  of  the  succeeding  seasons. 

SEASON  OF  1872. 

The  latter  part  of  June,  and  the  most  of  July,  1872,  were  spent  in 
Washington,  in  making  preparations  for  field-service,  procuring,  examining, 
and  preparing  for  transportation  the  usual  expeditionary  outfit  of  instru¬ 
ments,  text-books,  note-books,  &c.,  and  making  such  computations  as  it 
was  desirable  to  have  done  in  advance  of  the  field-work. 

In  the  latter  part  of  July  I  was  assigned  by  Major  Farquhar  to  the 
immediate  charge  of  the  geodetic  and  topographical  department  of  the 
survey,  with  Lieut.  F.  V.  Greene  and  Mr.  F.  von  Schrader  as  assistants,  and 
directed  to  proceed  to  Saint  Paul,  Minn. 

Lieutenant  Greene  was  sent  by  Major  Farquhar  in  charge  of  the  instru¬ 
ments,  &c.,  via  the  Great  Lakes,  Northern  Pacific  Railroad,  and  Red  River, 
to  Fort  Pembina,  Dak.,  with  instructions  to  report  to  me  there,  and  Mr. 
von  Schrader  was  directed  to  report  to  me,  at  Saint  Paul,  on  the  5th  of 
August. 

My  party  was  organized  at  Saint  Paul,  and  went,  in  company  with  the 
several  parties  of  the  Commission,  to  Fort  Abercrombie,  Dak.,  and  thence, 
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after  obtaining  our  wagon-transportation,  camp-equipage,  rations,  and  for¬ 
age,  to  Fort  Pembina,  where  we  arrived  on  the  5th  of  September. 

Camp  was  pitched  at  the  boundary-line  on  the  west  bank  of  the  Red 
River  on  the  7th,  and  the  interval  between  that  date  and  the  30th  was 
employed  in  making  topographical  surveys  of  the  country  adjacent  to  the 
boundary -line,  the  Red  River,  and  the  Pembina  River. 

I  may  here  remark  that  the  autumn  of  1872  was  an  exceptionally  mild 
one  for  Northern  Dakota.  The  equinoctial  storm,  which  lasted  nearly  four 
days  (September  22d  to  the  26th),  was  very  severe  and  cold,  but  it  was  suc¬ 
ceeded  by  three  weeks  of  delightful  weather,  and  the  Red  River  did  not 
close  to  navigation  until  the  12th  of  November. 

On  the  1st  of  October,  by  Major  Farquhar’s  direction,  I  divided  my 
party,  equipage,  &c.,  into  two  parts,  and  intrusted  the  larger  proportion  to 
the  charge  of  Lieutenant  Greene,  with  instructions  to  continue  the  line  and 
topographical  work  eastward  from  the  Red  River,  until  he  should  join  his 
work  with  that  of  the  English  parties,  who  were  to  work  westward  from 
the  Lake  of  the  Woods.  He  had  reached  Pointe  d’Orme  on  the  Roseau 
River,  thirty  miles  east  of  the  Red  River,  on  the  6th  of  November,  when 
he  was  recalled  by  a  dispatch  from  Major  Farquhar,  which  directed  him  to 
return  to  Fort  Pembina,  and  report  to  me  there. 

On  the  2d  of  October  Major  Farquhar,  Captain  Twining  with  his  as¬ 
tronomical  party,  and  myself,  with  live  men  of  my  party,  started  for  the 
Northwest  Angle  of  the  Lake  of  the  Woods,  via  Winnipeg,  Manitoba. 

We  arrived  at  the  Angle  on  the  9th,  and  remained  there  until  the  last 
of  October.  (For  description  of  work  performed  there,  see  special  paper 
on  Northwest  Angle.) 

I  left  the  Angle,  in  company  with  Major  Farquhar,  on  the  31st  of 
October,  and  arrived  at  Pointe  de  Cliene,  eighty  miles  from  the  Angle,  on 
the  3d  of  November.  At  this  point  Major  Farquhar  procured  special  trans¬ 
portation  for  himself,  and  left  for  Fort  Pembina,  leaving  me  with  instructions 
to  follow,  as  rapidly  as  possible,  with  the  wagon-train. 

I  reached  Fort  Pembina  on  the  8tli  instant,  with  the  animals  in  a  much 
exhausted  condition,  owing  to  scanty  forage  and  the  very  bad  condition  of 
the  roads.  On  one  day,  the  5th,  because  of  the  almost  bottomless  mud,  we 
18 
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made  but  eleven  miles,  although  the  wagons  were  light,  and  we  were  on  the 
road  from  daylight  until  three  hours  after  dark. 

At  Fort  Pembina  I  received  written  instructions  from  Major  Farquhar 
to  await  the  arrival  of  Lieutenant  Greene,  to  store  at  the  post  such  equip¬ 
age,  instruments,  &c.,  as  would  be  needed  there  the  next  season,  to  procure 
such  rations  and  forage  as  were  necessary,  and  then  to  bring  the  entire  train 
to  Fort  Abercrombie,  where  the  animals  were  to  be  wintered. 

Lieutenant  Greene  arrived  on  the  10th,  and  the  southward  march  was 
begun  on  the  12th,  and  finished  on  the  19th;  distance  from  Pembina  one 
hundred  and  eighty  miles. 

The  personnel,  besides  myself  and  party,  were  Lieut.  0.  D.  Ladlev, 
quartermaster,  Mr.  J.  E.  Bangs,  acting  secretary,  and  Dr.  Hatch,  surgeon 
of  the  Commission. 

The  transportation  consisted  of  thirteen  six-mule  Army-wagons,  three 
four-mule  spring-wagons,  and  seven  or  eight  spare  mules. 

On  the  second  day  out  we  were  overtaken  by  a  very  severe  snow-storm 
of  two  days’  duration,  which  was  succeeded  by  bitter  cold  winds,  with  the 
thermometer,  much  of  the  time,  below  zero,  and  as  the  men  were  not  pro¬ 
vided  with  suitable  winter  clothing,  they  experienced  much  discomfort, 
though  none  were  seriously  frozen.  Several  of  the  animals  gave  out  on  the 
march,  but  they  were  all,  finally,  brought  in  safety  to  Fort  Abercrombie. 

From  Fort  Abercrombie,  after  turning  over  to  the  care  of  the  Quarter¬ 
master,  Lieutenant  Ladley,  the  train,  equipage,  &c.,  we  proceeded  by  rail 
to  Saint  Paul,  where  the  men  of  the  party  were  paid  off,  and  discharged  on 
the  21st  of  November. 

The  office  of  the  Commission  was  established  for  the  winter  at  Detroit, 
Mich.,  where  the  usual  routine  of  office-work  was  begun  about  the  1st  of 
December. 

SEASON  OF  1873. 

For  the  season  of  1873  I  was  assigned,  by  the  Chief  Astronomer,  to 
the  charge  of  one  of  the  two  astronomical  parties  which  were  sent  into  the 
field  that  year.  The  party  was  organized,  as  in  the  preceding  season,  at 
Saint  Paul,  and  proceeded,  in  company  with  the  other  parties  of  the  Com- 


REPOET  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  A. 


275 


mission,  by  rail  and  steamboat,  to  Fort  Pembina,  Dak.,  where  we  arrived 
on  the  1st  of  June. 

During'  a  week  that  we  remained  at  Pembina  on  account  of  the  non¬ 
arrival  of  our  wagon-train,  which  was  hindered  in  its  progress  from  Fort 
Abercrombie  by  the  high  water  in  the  streams  tributary  to  the  Red  River, 
we  were  engaged  in  general  preparations  for  the  field,  obtaining  materials, 
rations,  &c.,  observing  for  values  of  instrumental  constants  of  zenith 
telescope,  and  completing  organization  of  parties. 

Upon  marching  from  Pembina,  June  9,  the  organization  of  my  party, 
which  was  retained  throughout  the  season,  was  as  follows:  Mr.  E.  L.  Mark, 
computer,  Mr.  0.  S.  Wilson,  recorder,  a  foreman,  an  observatory  attendant 
and  meteorological  observer,  a  cook,  waiter,  three  laborers,  a  mounted  man 
to  serve  as  scout  and  messenger,  and  five  teamsters. 

For  transportation  of  party,  instruments,  equipage,  and  generally  twenty 
to  thirty  days’  rations  and  forage,  I  had  one  four-mule  spring-wagon,  three 
six-mule  Army-wagons,  one  two-mule  Minnesota  wagon,  and  a  horse  for 
myself. 

The  general  plan  of  work  proposed  for  the  astronomical  parties,  con¬ 
templated  the  occupation  of  stations  on  the  boundary-line,  at  intervals  of 
twenty  miles,  more  or  less,  alternately  by  parties  of  the  British  and  United 
States  Commissions,  and  throughout  the  season  this  scheme  was  adhered  to, 
with  two  exceptions,  viz:  United  States  stations  Nos.  4  and  5  were  consec' 
utive  stations,  as  w^ere  the  British  stations  at  Sleepy  Hollow  and  East  Turtle 
Mountain. 

I  began  astronomical  work  at  Station  No.  9,  East  Pembina  Mountain, 
on  the  12th  of  June,  observed  successively  at  Stations  Nos.  5,  7,  9,  10,  11, 
and  12,  and  completed  the  astronomical  work  of  the  season,  at  the  latter 
station,  on  the  30th  of  September. 

During  the  season  all  of  the  zenith  telescope  observations,  both  for 
latitude  and  values  of  instrumental  constants,  were  made  by  myself  and 
recorded  by  Mr.  Wilson,  as  were  also  sextant  observations  for  time  and  lat¬ 
itude  in  camp  and  upon  the  march,  until  wre  reached  station  No.  9;  after 
that  time  most  of  the  sextant  work  was  done  by  Mr.  Wilson. 

The  meteorological  observations  were  made,  under  my  supervision,  by 
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William  Batson,  an  ex-United  States  soldier,  and  an  intelligent  and  efficient 
man. 

Upon  the  march,  while  I  was  engaged  in  selecting  routes  for  travel, 
and  in  the  details  of  advancing  the  train  rapidly  and  without  accident, 
Assistants  Mark  and  Wilson  were  employed  in  making  reconnaissance  sur¬ 
veys  of  the  trail,  by  means  of  the  compass  and  odometer. 

All  computations  both  in  camp  and  upon  the  march  were  made  by 
Mr.  Mark,  assisted,  at  times,  by  myself  and  Mr.  Wilson. 

The  United  States  stations  were  occupied  alternately  by  the  two  astro¬ 
nomical  parties,  from  No.  2  to  No  9.  Upon  completing  work  at  the  latter 
station,  August  29,  I  received  instructions  from  the  Chief  Astronomer  to 
proceed  westward,  and  occupy,  at  least,  three  more  stations,  and  to  so  ad¬ 
just  the  distances  between  them  that  the  last  one  should  be,  at  least,  four 
hundred  miles  west  of  the  initial  Red  River  station.  This  work  was  accom¬ 
plished,  and  the  last  station,  No.  12,  four  hundred  and  eight  and  a  quarter 
miles  west  of  the  Red  River  station,  completed  on  the  30th  of  September, 
and  the  Chief  Astronomer’s  camp,  at  Wood  End  depot,  was  reached,  on 
the  return  march,  October  6. 

During  the  latter  part  of  the  season  we  were  much  troubled  to  obtain 
water  and  wood  sufficient  for  cooking  purposes.  Wood  End  depot,  on  the 
Mouse  River,  was  the  last  locality,  going  westward,  where  there  was  any 
timber,  in  the  vicinity  of  the  boundary -line,  until  we  reached  Station  No. 
11,  and  for  that  distance,  one  hundred  and  eighteen  miles,  wood  was  carried 
in  the  wagons.  In  the  ravines,  near  Station  No.  11,  there  were  small  groves 
of  stunted  trees,  whence  was  drawn  the  supply  which,  economically  used, 
and  eked  out  by  occasional  supplies  of  the  prairie-traveler’s  fuel,  hois  des 
vdches ,  lasted  us  during  the  remainder  of  our  work  until  our  return  to 
Station  No.  11,  where  a  new  store  was  laid  in  for  use  on  the  return  march 
to  Wood  End  depot. 

The  water-supply,  after  leaving  the  upper  waters  of  the  Mouse  River, 
sixteen  miles  west  of  Station  No.  9,  was  scant  and  precarious,  as  we  had  no 
information  of  the  nature  of  the  country  before  us.  Through  the  “  Coteau 
of  the  Missouri  ”  we  were  entirely  dependent  upon  the  supply  furnished 
by  surface-pools,  and  those  containing  fresh  water  were  of  infrequent  occur- 
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rence.  There  were  many  containing  alkaline  water,  some  of  them  large 
enough  to  be  called  lakes blit  the  water  usually  held  such  large  quantities 
of  salts  that  animals  could  not  drink  it.  We  were  frequently  compelled  to 
use  water  sufficiently  alkaline  to  be  altogether  disgusting  to  the  taste,  and 
the  best  of  the  fresh  water  found  was  full  of  insect  life  and  vegetable 
matter.  At  Station  No.  10  1  was  obliged  to  divide  my  party,  and  leaving 
the  major  portion  of  it  and  all  of  the  animals  in  camp  near  a  pool  of  surface- 
water,  in  charge  of  the  officer  commanding  the  military  escort,  to  establish 
the  station  at  a  point  ten  miles  farther  west.  I  took  with  me  for  the  pur¬ 
pose  my  assistants,  three  men,  and  ten  soldiers,  and  had  cooked  provisions 
and  water  sent  us,  daily,  from  the  main  camp.  At  Station  No.  12  I  was 
obliged  to  adopt  the  same  plan,  and,  leaving  the  main  camp  at  a  spring, 
which  is  the  source  of  one  of  the  tributaries  of  the  Poplar  River,  to  estab¬ 
lish  the  station  six  miles  farther  westward.  Near  Station  No.  11  I  fortu¬ 
nately  found  a  living  spring  with  an  ample  supply  of  good  water,  which  the 
men  of  my  party  at  once  christened  “  Bully  Spring,”  and  this  name  I  have 
continued  in  the  official  record. 

On  the  23d  of  September,  when  the  work  at  Station  No.  12  was  about 
half  done,  there  began  a  furious  snow-storm,  which  continued,  almost  with¬ 
out  interruption,  until  the  29th,  during  which  time  the  daily  minimum  ther¬ 
mometer  reading  varied  from  -f-14°  to  -f  34°. 

The  storm  began  with  mingled  rain  and  snow,  which  froze  upon  the 
grass,  and  made  it  impossible  for  the  animals  to  get  much  nourishment. 
The  forage-ration  was  short,  and  from  this  time  until  their  arrival  at  Wood 
End  depot  they  had  only  a  daily  allowance  of  three  pounds,  half  of  which 
was  either  flour  or  liard-bread.  They  were  consequently  much  exhausted, 
and,  to  make  matters  worse,  we  found,  upon  our  eastward  march,  the  whole 
Coteau  country  a  black  desert,  as  the  prairie-fires  had  passed  over  it,  leaving 
only  here  and  there,  around  the  edges  of  what  had  been  water-pools,  small 
patches  of  dried  grass  containing  little  or  no  nutriment.  We  lost,  however, 
but  two  animals,  and  they  belonged  to  the  escort  transportation. 

We  arrived  at  Wood  End  depot  on  the  6tli  of  October,  and  thence,  in 
company  with  the  Chief  Astronomer’s  party,  marched  via  Fort  Totten  to 
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Jamestown,  Dak.,  where  the  transportation,  equipage,  &c.,  was  turned  over 
to  the  quartermaster,  the  parties  proceeding  by  rail  to  Saint  Paul. 

From  the  second  crossing  of  the  boundary-line  with  the  Mouse  River, 
reckoning  from  the  east,  a  reconnaissance  survey  was  made  of  the  trail  to 
Fort  Totten,  and  also  from  the  latter  place  to  Fort  Seward,  the  former  dis¬ 
tance  being  one  hundred  and  seventy  and  the  latter  eighty-one  miles. 

The  military  escort  to  my  party  was  commanded  during  the  entire 
season  by  Lieut,  (now  Capt.)  C.  O.  Bradley,  Twentieth  United  States 
Infantry.  His  command  consisted,  at  first,  of  fourteen  enlisted  men,  of 
Company  K  of  his  regiment.  This  force  was  increased  by  four  privates 
of  the  Seventh  Cavalry,  on  the  9th  of  August,  and  again,  by  six  privates 
of  Company  K,  Twentieth  Infantry,  on  the  30th  of  August. 

My  relations,  both  official  and  personal,  with  Captain  Bradley  were 
always  of  the  most  pleasant  kind,  and  I  have  to  thank  him  and  the  soldiers 
of  his  command,  not  only  for  the  faithful  performance  of  legitimate  duty  as 
military  escort,  but  more  especially  for  frequent  aid  in  helping  along  the 
work.  In  the  latter  part  of  the  season  a  few  days’  delay  would  have  pre¬ 
vented  the  completion  of  the  work  to  the  point  proposed,  and  these  days 
were  saved  to  me  by  the  assistance  willingly  rendered  by  the  soldiers  in 
gathering  stones  and  building  the  mounds  which  mark  the  parallel  at  the 
stations. 

Mr.  Wilson  was  detached  from  my  party  at  Fort  Totten  and  attached 
to  the  line  and  topographical  party,  which,  under  Lieutenant  Greene,  was 
to  work  during  the  winter  from  the  Red  River  eastward.  Mr.  Mark  accom¬ 
panied  me  to  the  office  at  Detroit,  but  soon  after  left  the  service  of  the 
Commission.  The  rest  of  the  party  were  paid  off  and  discharged  upon 
our  arrival  at  Saint  Paul  on  the  28tli  of  October. 

SEASON  OF  1  S  7  4  . 

From  the  experience  of  the  preceding  season,  in  regard  to  the  relative 
rapidity  with  which  the  various  parties  of  the  survey  could  accomplish  their 
work,  it  was  believed  by  the  Chief  Astronomer  and  myself  that  one  astro¬ 
nomical  party,  with  an  organization  somewhat  stronger  than  that  of  my 
party  of  the  preceding  season,  would  be  able  to  accomplish,  in  the  allotted 
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time,  what  astronomical  work  remained  to  be  done,  and  to  keep  it  at  all 
times  in  advance  of  that  of  the  line  and  topographical  parties.  But.  one 
astronomical  party  was  therefore  placed  in  the  held,  to  the  charge  of  which 
1  was  assigned,  with  Mr.  Lewis  Boss  and  Mr.  A.  J.  Edgerton  as  assistants. 

In  order,  however,  that  no  untoward  accident  to  the  personnel ,  or  instru¬ 
mental  outfit  of  my  party,  should  compass  a  failure  to  attain  the  purposes 
of  the  expedition,  the  Chief  Astronomer  kept  with  him  a  complete  instru¬ 
mental  outfit,  a  copy  of  the  ephemeris,  text  and  note  books,  and,  in  fact, 
the  means  of  organizing  another  astronomical  party;  but,  fortunately,  the 
contingencies  provided  for  did  not  arise,  and  the  one  party  accomplished  in 
ample  time  all  of  the  work  expected  of  it.  • 

At  Saint  Paul,  as  in  the  preceding  seasons,  I  enqoloyed  the  men  of  my 
party,  and  with  them,  in  company  with  the  other  parties  of  the  survey,  left 
Saint  Paul  on  the  4th  of  June,  proceeding  by  rail  and  steamboat,  via  Bis¬ 
marck,  I)ak.,  to  Fort  Buford,  Dak.,  where  we  arrived  on  the  13th  of  June. 

At  Fort  Buford,  pending  the  completion  of  arrangements  for  lield- 
service  of  the  transportation  for  our  own  parties  and  the  military  escort,  I 
observed  with  the  zenith  telescope  for  latitude,  and  also  for  the  values  of 
the  instrumental  constants  of  the  instrument  used.  The  results  are  given 
in  the  astronomical  report. 

My  party  comprised  during  the  season,  besides  myself  and  assistants, 
one  foreman,  two  cooks,  one  waiter,  five  laborers,  six  teamsters,  and  one 
scout.  Dr.  Elliott  Cones,  United  States  Army,  Surgeon  and  Naturalist  of 
the  Commission,  and  three  laborers,  who  were  under  his  especial  direction, 
were  attached  to  my  party  during  the  entire  season,  for  our  mutual  con¬ 
venience  of  transportation,  supply,  and  protection. 

An  assistant  to  Dr.  Coues  also  joined  the  party  at  the  Sweetgrass 
Hills,  on  the  5th  of  August.  For  transportation  of  the  whole,  instruments, 
equipage,  &c,  and  from  thirty  to  forty  days’  rations  and  forage,  I  had  one 
four-mule  spring-wagon,  three  six-mule  Army-wagons,  two  two-mule  Min¬ 
nesota  wagons,  a  horse  and  buckboard  for  Dr.  Coues,  and  a  horse  for 
myself.  The  horse  ridden  by  my  scout,  George  Boyd,  was  his  personal 
property,  but  was  foraged  with  the  train-animals 

The  military  escort  assigned  to  accompany  my  party  consisted  of 
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Company  D,  Sixth  United  States  Infantry,  about  forty  men,  and  three 
Indian  scouts,  commanded  by  Capt.  Montgomery  Bryant,  Sixth  Infantry 
(now  Major  Fourteenth  Infantry),  with  Lieut.  F.  W.  Tliibaut,  Sixth  Infan¬ 
try,  second  in  command.  This  escort  remained  with  my  party  from  the 
time  of  leaving  Fort  Buford  until  we  reached  the  Sweetgrass  Hills  depot, 
on  our  return  from  the  Rocky  Mountains. 

On  the  21st  of  June,  the  entire  expedition  and  the  military  escort  left 
Fort  Buford,  taking  the  Fort  Peck  trail,  along  the  north  bank  of  the  Mis¬ 
souri  River.  We  were  delayed  two  days  at  the  Big  Muddy  River,  which, 
because  of  the  deep  mud  on  the  bottom  and  along  the  banks,  was  not  ford¬ 
able.  A  crib  and  trestle  bridge  was  constructed  across  it,  on  the  23d  and 
24th,  by  my  own  and  Lieutenant  Greene’s  parties,  and  the  train  crossed  on 
the  25th.  On  the  26th,  Lieutenant  Greene’s  party  and  escort  left  the  main 
column,  to  strike  the  boundary-line  near  the  point  where  his  last  season’s 
work  terminated.  The  main  column  arrived,  July  1,  at  a  point  on  the 
north  bank  of  the  Milk  River,  in  longitude  about  106°  5B7,  and  nearly 
opposite  an  old  trading-post  known  as  “Tom  Campbell’s  houses,”  where  I 
left  it  with  my  party,  escort,  and  a  contract  wagon-train  from  Fort  Buford, 
which  was  carrying  rations  and  forage  with  which  to  form  a  depot  of  sup¬ 
plies  on  or  near  the  boundary-line. 

My  objective  point  was  on  the  boundary-line,  about  the  usual  distance 
between  United  States  stations  (forty  miles)  west  of  Station  No.  12,  the  last 
station  occupied  in  1873.  I  therefore  turned  northward,  July  2,  from  the 
main  trail,  and  essayed  to  march  along  the  east  bank  of  Rocky  Creek,  as  the 
general  course  of  that  stream  appeared  to  be  from  the  northwest,  hoping, 
in  case  it  did  not  lead  us  far  enough  to  the  westward,  that  we  might  be  able 
to  cross  it  near  the  boundary-line.  I  soon  found,  however,  that  we  were 
getting  into  a  country  cif  bad-lands,  impracticable  for  wagons,  and  there¬ 
fore  turned  about,  and  followed  the  stream  down  to  a  practicable  crossing 
near  its  forks.  Thence,  wre  marched  across  the  broken  country  which  is 
the  dividing  ridge  between  the  Rocky  and  Frenchman’s  Creeks,  to  the  east 
bank  of  the  latter.  As  it  was  impossible  to  reach  the  bed  of  Frenchman’s 
Creek  in  the  vicinity  of  the  point  where  we  approached  the  bluffs,  and  as 
an  inspection  revealed  the  same  rough  bad-lands  for  several  miles  farther 
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north,  I  turned  southward  again,  and  made  for  the  known  crossing  about 
three  miles  below  the  trading-post,  Fort  N  J.  Turnay.  It  was  fortunate 
that  we  did  so,  as  I  afterward  learned  from  the  topographical  parties  that 
tilery  was  no  practicable  crossing  for  more  than  thirty  miles,  up-stream, 
from  Fort  Turnay. 

"The  valley,  or  rather  gulch,  of  Frenchman’s  Creek  varies  from  one  to 
two  miles  in  width,  and  is  abruptly  terminated,  on  both  sides,  by  ragged, 
steep  mils,  similar  in  character  to  those  of  the  bad-lands  south  of  the  Mis¬ 
souri  Fiver.  The  bottom  is  comparatively  level,  and  through  it  the  stream 
winds  sinuously.  The  creek,  at  ordinary  stages  of  water,  is  about  fifty 
yards  wile,  and  has  a  rapid  current,  probably  of  about  two  miles  an  hour. 
The  water  is  clear,  but  very  unpleasantly  alkaline,  and  at  low  stages  of 
water  is  sq  Wrongly  impregnated  with  salts  as  to  be  entirely  unfit  for  use. 
We  found  Fort  Turnay,  which  was  a  log  structure,  comprising  storehouse 
and  dwelling’,  occupied  by  two  independent  traders.  They  informed  me 
that  they  were  so  much  annoyed,  and  subjected  to  so  much  loss  of  prop¬ 
erty,  by  raids  upon  them  by  Indians,  and  were  also  kept  so  much  upon  the 
alert  for  their  personal  safety,  that  they  purposed  burning  the  buildings 
and  leaving  the  country,  which  purpose  was,  I  believe,  carried  into  effect 
later  in  the  season.  Only  the  day  before  our  arrival,  a  party  of  Sioux, 
from  Fort  Peck,  had  been  entertained  by  them  at  a  propitiatory  feast,  after 
which  the  guest|  displayed  their  gratitude  for  favors  received  by  running 
off  nine  of  the  eleven  horses  belonging  to  their  hosts.  The  two  horses  left 
Were  abandoned  only  because  they  were  too  much  broken  down  to  keep 
up  with  the  rapid]  movements  of  the  party. 

We  left  Fort  Turnay  on  the  5th  of  July,  and  arrived  at  a  pool  of  water 
near  the  boundary-line  the  same  evening.  The  weather  had  been  intensely 
hot  every  day  diving-  our  march  from  the  Milk  River,  and  water  very  scarce. 
The  last  day’s  march  was  twenty-five  miles  long,  without  water,  and  the 
thermometer  at  in  the  shade,  at  3  p.  m.  Men  and  animals  were,  there¬ 
fore,  much  fatigued  upon  arrival  in  camp,  and  eagerly  sought  the  much- 
needed  repose, 

On  July  according  to  instructions  received  from  the  Chief  Astron¬ 
omer,  I  adjusted  accounts  with  Mr.  Leighton,  owner  of  the  wagon-train 
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which  had  accompanied  us  with  supplies  from  Fort  Buford,  and  sent  back 
to  Fort  Turnay,  to  be  stored  until  we  could  send  for  them,  such  rations  and 
forage  as  I  was  unable  to  carry  in  my  wagons. 

Astronomical  work  was  begun  at  Station  No.  13  on  the  6th,  and 
finished  on  the  8th,  on  which  date  the  march  westward  along  the  bomidary- 
line  was  begun. 

From  this  time  forward  until  our  arrival  at  the  Sweetgrass  Hi  Us  depot, 
August  3,  the  weather  was  favorable  for  astronomical  work,  and  Stations 
Nos.  14,  15,  16,  and  17  were  successively  established. 

The  country  over  which  we  had  traveled  from  Station  No.  1  o  had  been 
very  dry,  and  much  of  it  alkaline  in  character.  Water  was  scarce,  and 
usually  unpleasantly  alkaline.  We  had  found  no  wood  along  ;he  line,  and 
were  therefore  obliged  to  place  our  dependence  for  fuel  upon  buffalo-chips, 
which  were  everywhere  abundant.  At  the  East  Fork,  however,  I  obtained 
a  load  of  wood  by  sending  twelve  miles  down  the  fork  to  a  small  grove  of 
cottonwood-trees,  and  this  lasted  us  until  our  arrival  at  the  depot  camp, 
eked  out,  as  before,  by  “  hois  des  vaches.” 

On  the  13th  of  July,  while  on  the  march  from  Station  No.  15  to  No. 

I  6,  my  scout,  George  Boyd,  aided  by  the  Indian  scouts,  killed  the  first 
buffalo  we  had  seen — a  lone  old  bull.  After  that  date  we  frequently  saw 
small  bands,  and  at  times,  when  we  got  to  close  quarters  with  them,  killed 
more  perhaps  than  our  needs  justified.  Upon  our  return  from  the  Rocky 
Mountains  to  the  Sweetgrass  Hills,  the  plains  and  the  eastern  slopes  of  the 
hills  were  literally  black  with  the  creatures,  and  for  days,  upon  our  march 
toward  Fort  Benton,  the  plains  presented  a  similar  appearsnce,  for  nearly 
180  degrees  of  the  horizon,  from  the  north  around  by  the  hist. 

The  buffalo  find  every  pool  of  water  existing  upon  the  prairie,  and  are 
in  the  habit  of  standing  in  them  to  rid  themselves  of  the  flies  which  are  their 
peculiar  pests.  Wherever,  therefore,  the  buffalo  had  preceded  us  we  found 
the  pools  were  mud-lioles,  which  were  loaded  with  buffifio  excreta.  Some¬ 
times  the  water  which  we  were  compelled  to  drink,  oven  of  pools  large 
enough  to  be  called  ponds  or  small  lakes,  was  so  impregnated  with  buffalo- 
urine  as  to  partake  of  its  color,  and  to  be  altogether  disgusting  to  the 
stomach. 
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Between  Station  No.  15  and  the  Milk  River  we  saw  various  camps  and 
hunting-parties  of  Indians,  supposed  to  be  Sioux,  and  my  scout,  Boyd,  had 
several  interviews  with  bands  of  Assiniboines,  but  we  were  not,  at  any  time, 
molested  by  them. 

Upon  arrival  at  the  Sweetgrass  Hills  depot  it  became  necessary  to  make 
some  repairs  to  my  wagons,  which  had  become  much  shrunken  by  the  con¬ 
tinued  dry  weather.  The  4tli  and  5th  of  August  were  therefore  spent  in 
resetting  tires  and  reshoeing  the  animals. 

The  march  westward  was  resumed  on  the  6th  of  August,  and  Stations 
Nos.  18,  19,  and  20  wTere,  thereafter,  successively  established.  Work  at  the 
latter  station,  which  was  the  last  one  of  the  survey,  was  completed  on  the 
26th  of  August. 

There  had  been,  therefore,  between  the  6th  of  July  and  the  26th  of 
August,  eight  astronomical  stations  established,  and  three  hundred  and  fifty- 
four  miles  marched.  The  average  number  of  hours  that  we  were  in  camp 
near  stations  was  eighty-nine,  and  the  average  length  of  march  for  every 
day,  excluding  those  at  stations  and  the  depot,  was  18.6  miles,  the  shortest 
march  being  four,  and  the  longest  thirty-four  miles. 

Camp  at  Chief  Mountain  Lake  was  broken,  and  the  march  eastward, 
to  join  the  Chief  Astronomer’s  party  at  the  Sweetgrass  Hills  depot,  begun 
on  the  27th,  and  finished  on  the  31st  of  August. 

At  this  point  the  military  escort  was  relieved  from  duty  with  my  party, 
as  they  were  to  march  back  to  their  station  at  Fort  Buford,  and  we  were  to 
go  to  Fort  Benton,  and  thence,  by  Mackinac  boats,  down  the  Missouri  River 
to  Bismarck.  I  desire  to  express  my  sense  of  grateful  appreciation  to  Major 
Bryant  for  the  kind  cheerfulness  with  which  the  movements  of  his  command 
were  always  made  to  correspond  with  those  which  I  deemed  necessary  for 
my  party. 

On  the  4th  of  September,  in  company  with  the  parties  of  the  Commis¬ 
sioner  and  Chief  Astronomer,  we  left  the  boundary-line  to  march  to  Fort 
Benton,  arriving  at  the  latter  place  on  the  8th  instant.  A  reconnaissance 
survey  of  the  route  traveled  was  made  by  Mr.  Boss,  the  initial  point  being 
fixed,  by  triangulation,  from  the  astronomical  station  near  the  Sweetgrass 
Hills  depot,  and  the  terminal  points  at  Fort  Benton  by  sextant  observations. 
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The  distance  traveled  between  the  two  points  was  one  hundred  and  fourteen 
miles. 

At  Fort  Benton  we  were  joined  by  Lieutenant  Greene’s  parties,  which 
had  come  from  the  boundary-line  via  Fort  Shaw.  The  transportation, 
camp-equipage,  &c.,  of  the  parties  was  turned  over  to  the  quartermaster  of 
the  Commission  for  transportation  to  Fort  Shaw,  and  the  parties,  save  those 
men  who  desired  to  remain  in  Montana,  and  were  paid  off  and  discharged 
at  Fort  Benton,  embarked  on  the  12th  of  September,  in  Mackinac  boats, 
to  row  down  the  Missouri  River  to  Bismarck. 

There  were  six  boats,  with  an  officer  or  assistant  in  charge  of  each,  and 
the  Chief  Astronomer  in  charge  of  the  whole.  The  crews  and  freight  were 
so  divided  as  to  give  about  equal  loads  to  the  boats,  and  as  nearly  as  pos¬ 
sible  equal  power  for  propulsion.  We  arrived  at  Fort  Buford  on  the  23d, 
and  at  Bismarck  on  the  30th  of  September.  The  distance,  by  river,  from 
Benton  to  Bismarck,  as  determined  by  the  astronomically-checked  boat 
survey  make  by  Lieutenant  Greene’s  parties,  is  eight  hundred  and  five 
miles.  The  same  distance  is  popularly  supposed  to  be,  from  the  estimates 
of  steamboat-men,  one  thousand  two  hundred  and  fifty-six  miles. 

We  left  Bismarck,  by  the  Northern  Pacific  Railroad,  October  2,  and 
arrived  in  Saint  Paul  October  3,  where,  as  in  previous  seasons,  the  men  of 
the  party  were  paid  off  and  discharged.  The  officers  and  assistants  thence 
proceeded  to  Washington,  where  the  usual  routine  of  office- work  was 
resumed. 

In  closing  this  report,  I  desire  to  make  mention  of  the  admirable  man¬ 
ner  in  which  all  duties  required  of  them  were  performed  by  my  assistants 
during  the  whole  progress  of  the  survey.  Especially  am  I  indebted  to 
Mr.  Boss  and  Mr.  Wilson,  not  only  for  cheerful  performance  of  the  duties 
devolved  upon  them,  but  also  for  zeal  in  the  furtherance  of  the  work  which 
was  equaled  only  by  the  discretion  and  accuracy  with  which  their  work 
was  done. 

I  desire  also  to  mention  my  foreman,  William  Batson,  who,  by  the 
exercise  of  an  acute  intelligence  and  untiring  energy,  relieved  me  of  much 
personal  responsibility,  and  contributed  not  a  little  to  the  harmony  and 
comfort  of  my  parties. 
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SEASON  OF  1875 

A  portion  of  the  United  States  Northern  boundary-line  which  lies 
across  the  valley  of  the  Red  River,  and  extends  some  distance  beyond  its 
eastern  and  western  limits,  is  marked  at  even-mile  intervals  (with  one 
exception,  which  will  be  hereafter  noted)  by  cast-iron  pillars,  of  which 
alternate  ones  were  placed  in  position  by  parties  of  the  British  and  United 
States  Commissions,  respectively.  Those  of  the  British  Commission  were 
placed  in  1874,  and  to  place  those  of  the  United  States  Commission,  I 
went,  under  instructions  from  the  Chief  Astronomer,  to  the  boundary-line, 
in  the  summer  of  1875. 

The  United  States  pillars  were  made  at  Detroit,  Mich.,  upon  the  same 
general  plan  and  specifications  as  those  which  mark  our  Northeastern  bound- 
ary-line,  differing  from  the  latter  only  in  the  inscriptions  upon  them.  They 
are  hollow  iron  castings,  three-eighths  of  an  inch  in  thickness,  in  the  form  of 
a  truncated  pyramid,  eight  feet  high,  eight  inches  square  at  bottom,  four 
inches  square  at  top,  with  solid  pyramidal  cap,  and  an  octagonal  flange,  one 
inch  in  thickness,  at  bottom.  Upon  opposite  faces  are  cast,  in  letters  two 
inches  high,  the  inscriptions  “Convention  of  London,”  and  “October  20, 
1818.”  The  inscriptions  begin  about  four  and  a  half  feet  above  the  base,, 
and  read  upward.  The  interiors  are  filled  with  well-seasoned  cedar  posts, 
sawed  to  fit,  and  securely  spiked,  through  spike-holes  cast  in  the  pillars 
for  the  purpose.  The  average  weight  of  the  pillars,  when  completed  and 
painted,  was  two  hundred  and  eighty-five  pounds. 

I  arrived  at  Detroit  August  3,  inspected  the  pillars  upon  completion, 
and,  finding  them  all  perfect  and  according  to  specifications,  shipped  them, 
on  the  8th  instant,  via  the  Great  Lakes  and  Northern  Pacific  Railroad,  to 
Moorhead,  Minn.  I  then  went  by  rail  to  Saint  Paul,  where  I  employed  a 
foreman,  obtained  such  equipage  and  materials  as  were  necessary  for  a 
working  party,  and  left  for  Moorhead  upon  the  receipt,  August  15,  of  tele¬ 
graphic  advices  that  the  pillars  would  arrive  there  the  next  day.  From 
Moorhead,  I  shipped  the  pillars,  equipage,  &c.,  and  myself  took  passage, 
August  1G,  on  the  steamboat  Dakota,  for  Pembina.  Owing  to  the  low 
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stage  of  water  in  the  Red  River,  we  were  so  frequently  grounded  on  bars 
and  rapids  that  we  did  not  arrive  at  our  destination  until  the  25th  instant. 

At  Pembina  I  organized  a  working  party  by  employing  four  additional 
men  and  three  teams,  and  began  setting  the  pillars  on  the  2d  of  September. 

The  similar  pillars  which  had  been  placed  by  the  British  parties  the 
preceding  autumn,  were  at  two-mile  intervals,  reckoning  eastward  and 
westward  from  the  point  of  intersection  of  the  boundary-line  with  the  prin¬ 
cipal  meridian  of  the  Dominion  province  of  Manitoba,  and  my  instructions 
were  to  place  the  United  States  pillars  midway  between  them,  in  order  that 
the  intervals  between  pillars  should  be  even  miles.  The  mounds  erected 
when  the  survey  of  this  portion  of  the  boundary-line  was  made,  in  1873, 
were  at  even-mile  intervals,  reckoning  eastward  and  westward  from  the 
initial  astronomical  station,  No.  1,  on  the  west  bank  of  the  Red  River.  The 
principal  meridian  of  Manitoba  crossed  the  boundary-line  five  chains  eiglity- 
three  links,  or  384.8  feet  west  of  the  mound  nearest  it,  and,  therefore, 
each  pillar  was  to  be  placed  the  same  distance  west  of  its  corresponding- 
mound.  The  sites  for  them  had  been  marked,  over  a  portion  of  the  line, 
by  the  parties  which  placed  the  British  pillars,  with  a  peg  and  a  small  earth 
mound.  When  the  pegs  were  found  intact  the  pillars  were  there  placed ; 
if  they  were  missing,  or  when,  as  on  the  line  eastward  from  Roseau  Ridge 
to  Roseau  River,  no  sites  had  been  marked,  they  were  established  with 
theodolite  and  chain,  by  means  of  the  distance  mentioned  and  the  direction 
given  by  the  adjacent  mound  and  the  next  iron  pillar. 

From  the  Red  River  eastward  to  the  twenty-mile  point,  the  mounds 
were  in  erroneous  positions,  owing  to  an  error  made  in  the  field-calculations, 
which  was  discovered  and  corrected  in  the  subsequent  office-computations. 
They  were  north  of  the  line  proportionally  to  the  distances  from  the  east 
and  west  ends  of  the  tangents  to  the  point  of  junction,  the  greatest  error 
being  16.9  feet  at  the  ten-mile  point.  (For  details  see  Lieutenant  Greene’s 
report  “Details  of  Tangents.”)  The  errors  were  corrected,  and  all  of  the 
iron  pillars  placed  in  their  proper  positions. 

The  pillars  were  all  set  four  feet  in  the  ground,  with  their  inscription- 
faces  to  the  north  and  south,  and  the  earth  around  them  well  settled.  They 
were  placed  in  their  exact  sites  by  means  of  stakes  north  and  south  and 
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east  and  west  of  the  pegs  marking  their  sites;  upon  which  alignment  was 
made  in  the  two  directions,  before  and  during  the  time  that  they  were  being 
secured  by  bowlders  and  earth. 

There  were  seventeen  pillars  set  east,  and  forty -three  west  of  the  Red 
River;  the  most  easterly  and  most  westerly  being,  respectively,  53  miles 
55.19  chains  and  170  miles  55.19  chains  west  of  the  astronomical  station 
at  the  Lake  of  the  Woods  (No.  1  east).  The  intervening  ones  are  all  at 
their  proper  intervals,  with  two  exceptions,  viz,  an  extra  pillar  was  placed 
in  the  mound  marking  the  initial  point  of  the  survey  near  the  Red  River 
(Station  No.  1),  and  the  pillar  next  west  of  the  Pembina  River  was  set  in 
the  mound  134  miles  32.07  chains  west  of  the  Lake  of  the  Woods  station. 
This  latter  site  was  selected  for  two  reasons:  first,  on  account  of  its  con¬ 
spicuous  position,  on  the  crest  of  the  high  ridge  west  of  the  river;  and 
second,  because  it  would  have  been  at  a  great  expense  of  time  and  labor 
to  have  carried  it,  by  hand,  down  the  precipitous  bluffs,  to  an  obscure 
position  in  the  gulch  below. 

The  work  was  completed,  and  the  men  and  teams  of  the  party  paid  off 
and  discharged  on  the  7tli  of  October.  From  the  2d  of  September  to  the 
latter  date,  we  were  accompanied  by  a  military  escort,  detailed  by  order  of 
Brigadier-General  Terry,  commanding  Department  of  Dakota,  consisting 
of  twelve  enlisted  men  of  the  Twentieth  Infantry,  from  the  garrison  of  Fort 
Pembina,  commanded  by  Lieut.  C.  H.  Low  of  the  same  regiment.  To 
Lieutenant  Low  and  his  men  I  am  indebted  for  much  assistance  in  expe¬ 
diting  the  work. 

Upon  my  return  to  Pembina,  I  found  instructions  from  the  Chief 
Astronomer,  directing  me  to  proceed  to  the  Northwest  Angle  of  the  Lake 
of  the  Woods,  for  purposes  which  are  detailed  in  a  special  paper  concerning 
that  locality.  I  accordingly  left  Pembina  on  the  8th  of  October,  proceeded 
by  stage  to  Winnipeg,  Manitoba,  and  thence,  by  special  conveyance,  to 
my  destination,  and  having  performed  the  duty  with  which  I  was  charged, 
returned  to  Pembina,  on  the  15th;  and  after  adjusting  the  business  affairs 
of  the  Commission  there  and  at  Saint  Paul,  I  returned  to  Washington  on 
the  2d  of  November. 
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ASTRONOMY. 

The  latitudes  of  all  of  the  astronomical  stations  were  determined  by 
observations,  with  the  zenith  telescope,  of  the  differences  of  nearly  equal 
meridian  zenith  distances  of  stars,  north  and  south  of  the  zenith.  This 
method  and  instrument  are  now  in  such  general  use  that  only  such  descrip¬ 
tion  of  them  is  necessary  as  will  explain  the  features  and  circumstances 
peculiar  to  our  work. 

INSTRUMENTS. 

The  zenith  telescopes  used  were  Nos.  9,  11,  and  20,  Wiirdemann. 
Nos.  9  and  11  were  of  twenty-live  inches  focal  length,  of  small  magnifying 
power,  and  were  considerably  worn  by  use  upon  the  survey  of  our  North¬ 
western  boundary-line,  from  the  Pacific  Ocean  to  the  summit  of  the  Rocky 
Mountains. 

No.  20  was  a  new  instrument,  made  for  the  Commission  in  1872  and 
’73,  of  thirty-two  inches  focal  length,  and  a  magnifying  power  of  sixty 
diameters. 

No.  9  was  used  by  Captain  Twining,  at  Stations  Nos.  1  and  1  east,  and 
with  it  good  results  were  obtained. 

No.  11  was  used  by  myself,  at  Stations  Nos.  3,  7,  and  9,  and  found  to 
be  entirely  unreliable.  It  was  afterward  discovered  that  during  the  time 
of  observations  at  Station  No.  3,  the  telescope  was  loose  upon  its  horizontal 
axis.  Though  this  fault  was  afterward  remedied,  an  irredeemable  one  was 
the  badly-ground  level  attached  to  the  telescope,  which  would  often  sud¬ 
denly  indicate  large  changes  in  the  adjustments  that  could  not  be  detected 
by  means  of  the  striding-level.  The  instrument  was,  in  fact,  faulty  to  a 
degree  that  rendered  the  attainment  of  precise  results  with  it  impossible. 
It  was  soon  discarded  and  replaced  by  No.  20,  which  was  used  at  sixteen 
stations  and  at  Port  Buford,  and  found  to  be,  in  all  respects,  a  perfect 
instrument. 

INSTRUMENT-STANDS. 

From  the  beginning  of  the  work  up  to  Station  No.  5,  the  instruments 
were  mounted  upon  wooden  posts,  about  twenty  inches  in  diameter  and  six 
feet  long,  sunk  four  feet  in  the  ground.  Well-seasoned  logs  were  selected, 
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and  the  portion  above  ground  painted  to  prevent  swelling,  shrinking,  and 
twisting  with  atmospheric  changes.  They  served  their  purpose  very  well, 
but  as  our  field  of  labor  was,  for  the  most  part,  a  treeless  country,  it  was 
very  desirable  to  have  some  sort  of  a  stand  which  could  be  conveniently 
transported  from  station  to  station.  Such  an  one  was  devised  by  Captain 
Twining,  and  manufactured  to  his  order  at  the  Detroit  Locomotive  Works. 
Three  pointed  steel  bars,  two  inches  in  diameter  and  six  and  a  half  feet 
long,  were  driven  four  and  a  half  feet  into  the  ground,  and  formed  a  part  of 
a  rigid  system,  with  a  braced  triangular  frame-work  of  oak,  twenty-nine 
inches  high,  whose  horizontal  section  was  an  isosoles  triangle,  of  about 
fourteen  inches  base.  The  connection  between  the  bars  and  frame-work 
was  effected  by  open  steel  clamps  at  top  and  bottom  of  the  frame-work, 
which  were  closed  by  bolts  and  nuts,  after  the  bars  were  driven. 

The  table,  which  was  a  solid  triangular  piece  of  oak,  three  inches  thick, 
was  joined  to  the  bars  by  means  of  bolts  attached  to  its  bottom,  three  for 
each  bar,  and  intermediate  flanged  female  screws,  with  bolt-holes,  which 
fitted  the  corresponding  male  screws  upon  the  bar-heads. 

Between  these  flanged  screws  and  the  table-bottom  were  placed  soft- 
rubber  washers,  to  allow  the  table  to  be  brought  to  a  firm  bearing,  by  means 
of  the  bolts  and  nuts,  when  the  top  surfaces  of  the  flanges  were  not  in  the 
same  plane,  or  any  of  them  not  parallel  to  the  bottom  of  the  surface  of  the 
table. 

On  the  bars,  below  the  flanged  female  screws,  were  brass  chock-screws, 
which  worked  against  the  former,  and  held  them  firmly  in  position. 

To  place  the  stand  in  position,  the  top  soil  was  first  removed  from  a 
triangular  space  a  little  larger  than  the  table  of  the  stand.  The  frame-work 
was  then  placed  upon  the  hard  soil,  the  bars  inserted  in  the  open  clamps, 
and  driven  with  iron-bound  wooden  malls  of  twenty-five  pounds  weight. 

The  bar-heads  were  protected  during  the  driving  by  chilled-iron  heads, 
temporarily  screwed  on.  These  were  then  removed,  the  clamps  tightened, 
and  the  table  screwed  down.  The  whole  was  then  covered  with  a  blanket 
bag,  to  protect  the  metal  from  the  effects  of  sudden  changes  of  tempera¬ 
ture,  and  consequent  disturbance  of  the  adjustments  of  the  surmounting 
instrument 
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In  hard  and  gravelly  soils  the  bars  were  driven  with  considerable  diffi¬ 
culty,  sinking  slowly  under  the  impulses  given  by  the  twenty -five  pound 
malls,  swung  by  stalwart  men,  but  in  no  instance  was  I  unable  to  use  the 
stand  by  reason  of  not  being  able  to  sink  the  bars.  Small  bowlders  struck, 
were  either  broken  or  forced  aside,  and  sometimes  the  bars  themselves  were 
slightly  sprung,  not  effecting,  however,  any  damage.  In  a  few  cases  large 
bowlders  were  struck,  necessitating  the  choice  of  another  position  for  the 
stand. 

I  used  this  stand  at  thirteen  stations,  and  found  it  to  be  sufficiently 
stable,  much  more  convenient  to  work  around  than  a  post,  and  there  was 
no  settling. 

The  labor  of  placing  and  removal  was  much  less  than  with  posts,  and 
could  be  accomplished  in  half  the  time. 

I  think,  however,  that  the  bars  would  answer  their  purpose  as  well  if 
they  were  made  but  five  feet  long;  they  would  then  have  to  be  driven  only 
three  feet  in  the  ground,  which  would  afford  ample  stability,  while  the  labor 
of  driving  them,  and  of  digging  them  out,  would  be  greatly  lessened. 

At  Station  No.  20,  the  instrument  was  mounted  upon  a  structure  of 
limestone  slabs  and  small  pieces  of  rock.  As  each  slab  had  uneven  sur¬ 
faces,  and  was  of  varying  thickness,  its  points  of  support  were  three  small 
stones  of  selected  sizes,  so  placed  on  the  slab  below  as  to  make  the  top 
surface  of  the  supported  slab  as  nearly  level  as  possible. 

Although  the  arrangement  answered  tolerably  well,  it  was  neither  as 
stable  nor  as  convenient  as  our  instrument-stand.  The  latter  I  was  unable 
to  transport  up  Chief  Mountain  Lake,  and  was,  therefore,  compelled  to 
supply  its  place  in  any  manner  that  I  best  could. 

SEXTANTS. 

The  sextants  used  were  Nos.  1452  and  1455,  Stackpole  &  Bro.  They 
were  purchased  by  the  Commission,  and  possess  some  peculiarities  which 
were  made  from  designs  by  Professor  Harkness,  United  States  Navy. 
They  are  of  six-inch  radius,  are  graduated  to  10',  and  read  by  vernier  to 
10".  The  vernier-plate  is  beveled,  and  the  attached  reading-microscope 
is  inclined  to  the  limb  in  the  direction  of  the  graduation-lines,  an  arrange- 
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ment  which  I  do  not  consider  desirable,  especially  for  night-work.  A  find¬ 
ing-level  is  attached  to  the  index-bar,  which  is  a  great  convenience  to 
inexperienced  observers. 

An  eye-piece  shade,  with  several  glasses  of  various  depths  of  the  same 
color,  was  found  to  be  a  decided  convenience  for  use  in  sun-observations, 
obviating  the  use  of  the  shades  of  the  index  and  horizon  glasses,  and,  there¬ 
fore,  eliminating  the  possibilities  of  errors  arising  from  different  refractions 
by  those  shades. 

The  instruments  were  well  made,  and  were,  on  the  whole,  very  satis¬ 
factory. 

Mr.  Boss  made  an  extended  series  of  investigations  in  1873  to  obtain 
the  corrections  for  eccentricity  of  No.  1452.  They  consisted  of  compari¬ 
sons  of  observed  angular  distances  of  stars  with  the  same  distances  com¬ 
puted.  As  the  results  obtained  do  not  elsewhere  appear,  they  are  here 
tabulated. 


Corrections  due  to  eccentricity — Sextant ,  1452,  Staclcpole  &  Bro. 
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CHRONOMETERS. 

The  chronometers  used  by  my  party  in  1873  were  Negus  break- 
circuit  sidereal  No.  1481;  Bond  sidereal  No.  235;  Negus  mean  solar  No. 
1319. 

In  1874  I  had  Negus  break-circuit  sidereal  No.  1513  instead  of  1481, 
the  others  being  the  same. 

The  break-circuit  chronometers  were  swung  in  gimbals,  and  the  others 
were  in  leather  cases.  They  were  usually  packed  for  transportation  in  a 
cotton-lined  box,  and  were  carried  in  the  spring  instrument- wagon. 

Their  performances  were  quite  satisfactory,  as  may  be  ascertained  by 
reference  to  the  special  paper  on  chronometer  performances. 
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ASTRONOMICAL  TRANSITS. 

I  carried,  during  the  season  of  1873,  astronomical  transit  No.  30,  Wur- 
demann,  and,  in  1874,  No.  4,  Wiirdemann.  These  were  little  used.  A  few 
observations  for  instrumental  constants  and  time  were  made  at  Station  No.  7. 

MANNER  OF  WORK. 

It  was  customary,  when  upon  the  march,  to  make  daily  observations 
with  the  sextant  for  time  and  latitude ;  sometimes  of  the  sun,  but  oftener 
of  well-known  stars. 

When  marching  over  portions  of  the  country  which  were  not  after¬ 
ward  to  be  surveyed  by  the  topographical  parties,  daily  observations  were 
made,  when  practicable,  of  stars  east  and  west  for  time,  and  north  and 
south  for  latitude.  By  means  of  the  prismatic  compass  and  odometer  as 
full  reconnaissance-notes  as  possible  were  made  of  the  trail  between  points 
of  astronomical  observation. 

When  marching  along  the  boundary-line  the  same  care  as  to  survey 
of  route,  &c.,  was  not  exercised,  as  this  was  to  be  the  field  of  the  topo¬ 
graphical  parties,  and  only  such  notes  of  bearings  and  distances  were  kept 
as  would  enable  us,  at  any  time,  to  know  our  approximate  position  with 
reference  to  points  upon  the  boundary -line;  chronometers  were,  however, 
usually  compared  daily,  at  noon,  both  in  camp  and  upon  the  march. 

When  it  happened  that  we  arrived  before  noon  in  the  vicinity  of  a 
proposed  astronomical  station,  a  halt  was  made  in  sufficient  time  to  take 
circummeridian  observations  of  the  sun  for  latitude,  for  which  the  corre¬ 
sponding  time-observations  were  made  when  the  sun  had  attained  an  hour- 
angle  great  enough  to  give  sufficiently  accurate  results. 

To  make  these  observations,  and  to  compute  the  latitude  from  the  data 
so  obtained,  and  the  longitude  from  the  compass  and  odometer  record  of 
march  from  the  preceding  station,  or  the  chronometers,  usually  involved  a 
delay  of  two  and  a  half  or  three  hours. 

From  the  position  so  established,  it  was  easy  to  proceed,  by  compass 
and  odometer,  to  a  point  near  the  49th  parallel,  and  at  the  proper  distance 
from  the  preceding  station. 

In  case  of  arrival  in  such  vicinity  after  noon,  it  was  necessary  to  go 
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into  camp  and  await  the  result  of  night  observations.  In  several  instances, 
however,  I  was  spared  this  delay  through  the  courtesy  of  the  Chief  Astron¬ 
omer  of  the  British  Commission,  who  had  driven  pickets  upon  which  were 
recorded  the  results  of  observations  made  by  him  while  on  reconnaissance 
expeditions,  thus  affording  me  fixed  points  on  which  to  base  trail-surveys. 

A  site  for  camp  and  the  observatory  was  then  selected  as  near  the 
49th  parallel  as  the  necessities  of  camp  life,  such  as  proximity  to  water  and 
grass,  would  pemrit,  and  the  zenith  telescope  was  prepared  for  use.  I  rarely 
found  it  possible  to  put  the  instrument  in  perfect  adjustment  until  after  sun¬ 
down,  because  of  the  rapid  changes  in  temperature  which  occurred  during 
the  latter  part  of  the  afternoon.  The  difference  between  the  highest  tem¬ 
perature  on  July  6,  1874,  and  the  lowest  on  the  succeeding  night  was  56°. 3; 
in  many  instances  the  changes  inside  of  twenty-four  hours  were  as  much 
as  40°  to  50°. 

The  instrument  was  placed  in  the  meridian  by  means  of  an  observation 
of  Polaris  at  any  convenient  even  minute  of  time,  for  which  the  azimuth  of 
the  star  was  computed  in  advance. 

It  was  rarely  necessary  to  repeat  this  adjustment  at  any  station,  though 
a  convenient  test  of  its  accuracy  was  afforded  by  eye  comparison  with  the 
micrometer  comb-scale  of  the  distances  from  mid-wire  of  stars  observed  at 
culmination.  If  these  distances,  so  estimated,  did  not  exceed  three  microm¬ 
eter  turns  (one  turn  =  62"),  the  adjustment  was  considered  satisfactory;  if 
unsatisfactory,  it  could  be  repeated  in  about  twenty  minutes’  time. 

In  latitude  observations  the  star  bisection  was  always  perfected  at  the 
instant  of  culmination,  which  time,  as  well  as  that  of  each  even  ten  seconds 
and  the  last  even  five  seconds  of  the  preceding  half  minute,  was  called  by 
the  recorder,  who  had  before  him  the  chronometer,  and  the  computed  chro¬ 
nometer  time  of  culmination  on  the  programme  arranged  for  the  night. 

Chronometer  corrections  were  ascertained  by  means  of  sextant  obser¬ 
vations  east  and  west. 

The  observations  of  each  night  were  computed  the  following  morning  ; 
frequently  those  of  the  last  night  at  a  station  were  computed  as  fast  as 
taken. 

On  the  day  following  the  first  night’s  work  the  distance  on  the  meridian 
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from  the  center  of  the  instrument  to  the  49th  parallel,  as  given  by  the  mean 
of  the  results,  was  carefully  measured,  and  a  picket  driven  there  (in  latitude 
49°:  1"  of  latitude  — 101.34  feet).  The  teams  were  then  employed  during 
the  remainder  of  the  days  at  the  station  in  hauling  stone  for  the  mound  to 
this  picket. 

When  the  requisite  number  of  results  were  obtained,  and  the  final  lat¬ 
itude  deduced,  the  difference  between  it  and  the  result  of  the  first  night’s 
work  was  laid  off  on  the  ground,  north  or  south,  from  the  picket  before 
mentioned,  and  another  picket  driven,  around  which  was  piled  the  stone  for 
the  mound  which  marks  the  boundary-line. 

The  mounds  were  conical  in  form,  and  varied  in  dimensions  with  the 
comparative  difficulty  experienced  in  obtaining  stones.  The  smallest  was 
about  five  feet  high,  and  eight  feet  in  diameter  at  base,  and  the  largest 
eight  feet  high,  and  sixteen  feet  in  diameter  at  base. 

When  timber  was  obtainable  there  was  usuully  a  post  sunk  three  feet 
in  the  ground,  around  which  the  mound  was  built ;  otherwise  the  top  soil 
was  removed  and  a  circle  of  small  bowlders  laid  around  a  central  stone  used 
in  the  place  of  the  picket.  This  was  then  covered  with  earth  and  the  mound 
piled  upon  it. 

Upon  completion  of  the  mound,  which  was  usually  before  noon  of  the 
day  succeeding  the  last  night’s  work  at  a  station,  camp  was  broken  and  the 
march  begun  for  the  next  station. 

BLANK  FORMS. 

The  blank  forms  used  for  computations  in  the  field  were  so  convenient 
that  I  deem  them  worthy  of  preservation,  and  to  that  end  attach  specimens 
hereto : 

1.  Time  by  single  altitude. 

2.  Latitude  by  Polaris  off  meridian. 

3.  Latitude  by  circummeridian  altitudes. 

4.  Programme  for  zenith-telescope  observations. 

5.  Comparison  of  chronometers. 

6.  Record  and  reduction  of  zenith-telescope  observations. 

Nos.  1, 2,  3,  and  4  were  arranged  in  blocks  of  one  hundred  forms,  from 
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which  each  form  was  detached  for  file  as  computations  upon  it  were  com¬ 
pleted.  No.  5  was  in  book-form  of  half  quires  ;  the  specimen  shown  is  one- 
half  of  one  page. 

No.  6  was  in  book-form  of  four  quires ;  the  specimens  shown  are  the 
headings  of  opposite  pages. 

RESULTS. 

There  are  appended  hereto  complete  records  of  the  astronomical  sta¬ 
tions.  They  are  in  order  as  follows: — 

1.  Star  Catalogues,  1872,  ’73,  ’74. 

2.  Latitude  determinations  with  the  zenith  telescope. 

3.  Instrumental  constants. 

4.  Abstract  of  chronometer  records. 

5.  Results  at  British  astronomical  stations. 

6.  Reconnaissance-positions. 

The  large  number  of  independent  observations  made  with  the  sextant 
for  time  and  latitude,  are  not  appended.  They,  alone,  would  make  a  consid¬ 
erable  volume,  and  are  not  considered  essential  to  a  faithful  presentation  of 
the  record. 

STAR  CATALOGUES. 

The  star  lists  comprise  all  stars  used  for  observation  with  the  zenith 
telescope.  Their  designating  numbers  are  those  of  the  British  Association 
Catalogue,  and  the  mean  declinations  and  proper  motions  those  adopted 
for  the  year.  The  list  for  1872  was  used  at  but  two  stations,  No.  1  and 
No.  1  east.  The  mean  declinations  were  derived  from  the  catalogues  of 
the  Greenwich  observatory.  The  mean  declinations  for  1873  and  1874 
were  obtained  by  homogeneous  reduction,  according  to  the  method  of 
Argelander,  from  all  reliable  authorities  obtainable.  This  has  been  the  work 
of  Mr.  Lewis  Boss,  to  whom  great  credit  is  due  for  the  correct  and  altogether 
admirable  manner  in  which  his  work  has  been  performed.  As  he  is  engaged 
in  the  preparation  of  an  elaborate  report  upon  the  subject  of  these  star 
places,  I  will  not  enlarge  upon  them  here,  and  will  only  add,  that  a  careful 
examination  of  the  latitude  results  obtained,  and  of  the  residuals  of  each 
pair  of  stars,  referred  to  the  mean  latitudes  of  the  several  stations,  affords 
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ample  evidence  to  warrant  the  conclusion  that  the  errors  of  determination 
are  almost  wholly  those  of  observation,  including,  of  course,  instrumental 
errors,  and  that  the  mean  places  of  the  stars  may  be  considered  as  very 
nearly  approaching  absolute  accuracy. 

The  lists  for  1873  and  1874  comprise  one  hundred  and  twenty-four 
and  one  hundred  and  twenty-eight  stars,  respectively,  in  declination  from 
4-17°  45'  52"  to  79°  58'  55",  and  in  right  ascension  from  13h  22™  to  4h  05™, 
which  were  the  hours  of  possible  observation  during  the  field -seasons. 

The  ephemeris,  as  constructed  for  use  in  the  field,  consisted  of: — 

1st.  Table  of  mean  places  for  the  year;  R.  A.  from  any  reliable  author¬ 
ity;  annual  precession  and  proper  motion.  Logarithms  of  the  constants 
a'  b'  c!  cl' ,  corresponding  to  Bessel’s  formulae  and  notation  for  reduction 
from  mean  to  apparent  place. 

2d.  Logarithms  of  day  numbers  for  the  day  and  sidereal  hours  speci¬ 
fied,  computed  for  a  mean  longitude  of  the  stations. 

3d.  Table  of  apparent  places,  for  every  five  days  of  the  probable  time 
of  field-work. 

This  time,  in  1873,  was  from  May  20  to  October  22,  and  in  1874,  from 
June  24  to  October  12. 

Declinations  for  other  dates  than  those  given  in  the  table,  were  obtained 
by  interpolation,  the  difference  between  a  declination  so  obtained,  and  one 
directly  reduced,  being  inappreciable. 

LATITUDE  RESULTS 

The  final  result  for  the  latitude  of  each  station  is  the  arithmetical  mean 
of  all  of  the  determinations  at  that  station,  without  regard  to  time  of  obser¬ 
vation  or  the  pairs  of  stars  observed.  This  method  was  chosen,  because 
the  probable  error  of  declination  is  so  far  inside  of  that  of  observation  as 
to  render  weighting,  not  only  a  work  of  unnecessary  refinement,  but  .pos¬ 
itively  undesirable.  For  the  same  reason,  it  is  believed  that  the  final 
accuracy  is  about  the  same  at  stations,  so  far  as  it  depends  upon  the  number 
of  different  pairs  of  stars  observed. 

At  no  station  has  the  time  of  observation  covered  a  period  of  less  than 
two  entire  nights.  In  those  instances,  when  there  were  two  or  three  nights 
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of  observation,  the  number  of  observations  made  on  the  several  nights  were 
nearly  the  same,  and  the  mean  result  given  is  nearly  that  of  the  mean  of  the 
results  taken  by  nights.  At  those  stations  where  there  was  a  greater  number 
of  nights’  work,  the  numbers  of  observations  of  the  several  nights  do 
greatly  vary,  and  it  would  be  manifestly  unfair  to  give,  for  the  final  result, 
the  mean  of  the  nights’  results,  unless  less  weight  were  given  to  the  night 
of  few  observations,  and  this  is  practically  done  by  taking  the  mean  of  all 
the  results. 

There  have  been  no  results  rejected  by  arbitrary  selection.  At  each 
station,  Peirce’s  Criterion  for  the  rejection  of  doubtful  observations  was 
applied  to  the  results,  before  striking  the  final  mean.  While  there  is  much 
doubt  of  the  actual  utility  of  the  application  of  such  mathematical  criterion 
when  the  results  are  in  the  hands  of  a  competent  and  judicious  computer, 
it  nevertheless  gives  some  standard  rule  for  computers  to  follow,  and  affords 
means  of  comparing  results  obtained  by  different  observers,  which  would 
not  be  comparable  if  results  were  rejected  at  will.  It  also  dissipates  doubts 
which  might  arise  as  to  the  constant  good  judgment  of  a  computer  in  select¬ 
ing  results  for  rejection,  especially  under  the  pressure  of  necessary  haste  in 
completing  the  computations,  which  always  obtained  in  our  field  work. 

INSTRUMENTAL  CONSTANTS. 

Observations  for  the  value  of  level  divisions  and  micrometer  turns  of 
each  zenith  telescope,  were  made  once  or  twice  each  season  that  such  instru¬ 
ment  was  used,  except  that  the  value  obtained  for  the  level  of  zenith 
telescope  No.  20,  in  1873,  was  used  in  1874.  The  permanent  marks  used  in 
the  level-value  determinations  were  either  the  crosswires  of  astronomical 
transits  or  transit  theodolites. 

For  value  of  micrometer  turns,  observations  were  made  upon  a  circum¬ 
polar  star,  usuall}7  Polaris,  near  elongation. 

For  zenith  telescope  No.  20,  those  used  in  1874  depend  upon  three 
series  of  observations:  two  of  Polaris,  and  one  of  B.  A.  C.  No.  240,  made 
at  Fort  Buford. 

I  desired  to  reobserve  for  the  constant  values  of  No.  20,  but  there  were 
no  occasions,  during  the  season  of  1874,  when  such  observations  would 
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have  been  practicable,  that  the  time  was  not  employed  in  latitude  work,  or 
that  I  was  not  too  much  fatigued,  by  such  work,  to  make  the  results  of 
value.  It  was  not  considered  of  sufficient  importance  to  justify  a  night’s 
delay  for  the  purpose,  as  the  latitude  results  demonstrated,  by  accompany¬ 
ing  results  obtained  from  pairs  of  stars  with  large  and  small  differences  of 
zenith  distances,  that  the  micrometer  values  used  were  amply  good. 

No  corrections  for  run  of  micrometer,  or  for  variations  in  the  value  of 
micrometer-turns  for  changes  of  temperature,  have  been  applied,  the  inves¬ 
tigations  of  these  errors  beino-  considered  more  curious  than  useful  in  their 
relation  to  field-astronomy. 

The  following  synoptical  table  explains  the  general  character  of  the 
latitude-work 

The  results  of  observations  at  all  the  stations  of  1873  and  1874  are 
included  between  the  limits  here  given,  except  those  of  Nos.  3,  7,  and  9, 
which  were  determined  with  the  poor  instrument  (No.  11)  before  described, 
and  which,  though  not  absolutely  bad,  are  not  comparable  with  the  rest  of 
the  work. 


1873. 

1874. 

Seconds  of  arc. 

No.  of  deter¬ 
minations. 

Station  num¬ 
ber. 

Seconds  of  arc. 

No.  of  deter¬ 
minations. 

Station  num¬ 
ber. 

Greatest  extreme  range  of  results  at  any  station . . 

// 

3.  43 

66 

10 

// 

2.  68 

75 

16 

Least  extreme  range  of  results  at  any  station.... 

2.28 

59 

12 

1.83 

60 

18 

Greatest  probable  error  of  single  determination  .. 

0.  457 

66 

10 

0.  393 

47 

20 

Least  probable  error  of  single  determination . 

0.  324 

82 

5 

0.228 

62 

15 

Greatest  probable  error  of  final  result . 

0.056 

66 

10 

0.049 

47 

20 

Least  probable  error  of  final  result . 

0.037 

82 

5 

0.  029 

62 

15 

Number  of  independent  determinations  of  latitude  with  zenith  telescope 
Number  of  same  rejected  by  criterion . 


1873..  561 

1874..  520 

1873..  11 

1874..  3 


No  star  forms  a  compound  of  more  than  one  pair,  and  the  results  show 
that  it  is  better  that  each  pair  should  be  separately  observed;  that  is,  that 
several  pairs  should  not  be  grouped  for  the  same  setting. 

In  the  computations  for  probable  error,  the  residuals  are  the  differences 
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between  the  arithmetical  means  of  all  of  the  determinations  and  the  indi¬ 
vidual  determinations;  which  is  the  method  usually,  but  not  universally, 
adhered  to  in  like  field  work. 

RESULTS  AT  BRITISH  STATIONS. 

The  appended  list  of  results  obtained  at  the  British  astronomical  sta¬ 
tions  is  compiled  from  the  record  of  the  British  Commission  furnished  the 
United  States  Commission.  (See  page  198.) 

The  declinations  of  stars  used  by  the  astronomers  of  the  British  Com¬ 
mission  were  taken  from  the  publications  of  the  Greenwich  Observatory, 
and  the  individual  results  obtained  were  combined  by  weights. 

RECONNAISSANCE  POSITIONS. 

In  the  following  table  are  given  the  astronomical  positions  of  points 
on  line  of  march  from  Fort  Buford  to  the  boundary -line  at  Station  No.  13. 
The  latitude  of  Fort  Buford  was  determined,  by  myself,  with  zenith  tele¬ 
scope  No.  20.  The  large  probable  error  of  final  result  is  accounted  for  by 
the  facts  that  there  were  but  twenty  determinations,  by  observation  of  eleven 
pairs  of  stars,  and  that  the  declinations  of  these  stars  were  from  other 
sources  than  our  own  catalogue,  which  did  not  contain  stars  of  suitable 
declination  for  that  latitude. 

The  other  positions  given  are  from  sextant  observations  by  my  assist¬ 
ant,  Mr.  Lewis  Boss. 


Positions. 

Latitude. 

Longitude. 

o 

/ 

//  // 

o 

i 

// 

Fort  Buford  (flag-staff) . 

47 

59 

15. 58  4-  0. 192 

103 

58 

00 

Big  Muddy  River . 

48 

09 

10 

104 

54 

25.5 

Frenchman’s  Point  (Missouri  River) . 

48 

08 

38 

104 

53 

46.  5 

Poplar  River  (or  Quaking  A1  k  River) . 

48 

07 

58 

105 

09 

52.5 

Little  Porcupine  River . 

48 

04 

55 

106 

00 

28.5 

Buggy  Creek . 

48 

16 

18 

106 

35 

46.5 

Rocky  Creek . 

48 

29 

37 

106 

59 

33 

Lake  Boyd . 

48 

42 

50 

107 

04 

54 

Fort  Turuay  (Frenchman’s  Creek) . 

48 

44 

05 

107 

11 

45 

i 

i 
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HYPSOMETRY  AND  METEOROLOGY. 

The  vertical  element  of  the  survey  along  the  boundary-line  depends 
upon  the  barometric  determinations  of  the  altitudes  of  astronomical  camps, 
&c.,  upon  which,  as  bases,  are  adjusted  and  closed  the  vertical  surveys  of 
the  topographical  parties. 

The  instruments  used  in  this  connection  by  each  astronomical  party 
were  two  cistern-barometers,  Green,  two  aneroid  barometers,  two  psy- 
chrometers,  one  maximum  and  one  minimum  thermometer,  one  black-bulb 
thermometer. 

Those  under  my  care  were  in  constant  use  from  the  Red  River  to  the 
Rocky  Mountains,  and,  with  the  exception  of  the  black-bulb  thermometer, 
which  was  broken  early  in  the  first  season  and  never  replaced,  were  safely 
carried  through  all  of  the  vicissitudes  incident  to  two  years’  service  in  the 
field,  a  piece  of  good  fortune  rarely  equaled  in  the  histories  of  these  fragile 
instruments. 

The  practice  at  astronomical  camps  was  to  record  daily  at  7  a.  m.,  2 
p.  m.,  and  9  p.  m.  the  readings  of  the  barometers,  attached  thermometers, 
and  psyclirometer,  the  extra  barometers  being  read  for  the  purpose  of  detect¬ 
ing  any  change  of  instrumental  errors  which  might  occur,  and  also  to  afford 
the  means  of  continuing  the  record,  reduced  to  the  same  zero,  in  case  of 
accident  to  the  standard  barometer. 

General  meteorological  phenomena  were  noted  three  times  daily,  and 
the  maximum  and  minimum  thermometers  were  read  at  7  a.  m.  and  9  p  m. 

The  computations  of  the  altitudes  of  all  stations  have  been  made  by 
comparison  of  daily  means  with  the  daily  means  of  synchronous  observa¬ 
tions  made  at  a  permanent  station. 

For  the  season  of  1873  the  permanent  station  was  Fort  Pembina,  Dak., 
where  the  record  was  kept  by  an  observer  employed  by  the  Commission. 

For  season  of  1874  comparison  was  made  with  the  record  of  the  United 
States  Signal-Service  station  at  Fort  Benton,  Montana,  a  copy  of  which,  for 
the  time  of  our  field-service,  was  furnished,  upon  application,  by  the  Chief 
Signal-Officer  of  the  Army. 

The  formulae  and  tables  employed  in  the  reduction  may  be  found  in 
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Williamson’s  treatise  on  tlie  “  Use  of  the  Barometer,  &c.”,  Professional 
Papers  Corps  of  Engineers,  No.  15,  and  u  are  those  of  Plantamour  (Guyot’s 
tables  D,  72-79),  rearranged  and  adapted  to  English  measures.” 

The  reductions  have  been  made  by  daily  means,  and  each  result  thus 
obtained  given  equal  weight  in  the  final  result.  In  those  cases  where,  for 
lack  of  a  sufficient  number  of  daily  means,  single  observations  have  been 
admitted,  much  less  weight  than  that  given  a  daily  mean  has  been  accorded 
them — generally  about  one-quarter. 

No  corrections  for  abnormal  and  horary  oscillations  of  the  weight  of 
the  atmosphere  have  been  applied,  as  we  had  no  sufficiently-extended  series 
of  observations  made  under  circumstances  favorable  for  the  purpose  of 
deducing  these  corrections.  The  only  hourly  series  attempted  was  recorded 
at  Captain  Twining’s  camp,  at  Wood  End  Depot,  September  23  to  30, 1873, 
and  that  time  was,  unfortunately,  the  period  of  the  severe  equinoctial  storm 
of  that  year. 

The  great  horizontal  distances  between  barometers  compared  intro¬ 
duces  an  element  of  uncertainty  in  the  results,  on  account  of  the  different 
local  conditions  to  which  the  two  instruments  may  be  subject  at  correspond¬ 
ing  times  of  observations.  This  source  of  error  would  be  practically  elim¬ 
inated  in  cases  of  long-extended  series  of  observations,  because  abnormal 
results  would  be  indicated  by  comparison  with  a  large  number  of  results, 
and  might  be  rejected,  or,  if  admitted,  they  would  have  little  weight  in  the 
general  result,  by  reason  of  comparatively  small  numbers. 

This  condition  obtained  at  few  of  our  stations,  as,  in  the  majority  of 
cases,  the  determinations  depend  upon  a  small  number  of  daily  means,  and 
necessarily  so,  because  the  time  allowed  for  barometric  observation  at  any 
station  was  strictly  limited  to  that  required  for  the  purpose  of  astronomical 
observation. 
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The  barometric  heights  of  the  eight  astronomical  stations  of  1874  have 
been  reduced  by  comparison  with  three  Signal-Service  stations.  The  results 
are  given  in  the  following  table: — 


Station. 

Above  Fort  Pem¬ 
bina. 

Above  Fort  Benton. 

Below  Cheyenne. 

Altitude  referred  to 

Fort  Pembina. 

Altitude  referred  to 

Fort  Benton. 

Altitude  referred  to 

Cheyenne. 

Locality  of  station. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

No.  13 . 

2, 094 

192 

3, 201 

2,  884 

2, 866 

2,857 

Frenchman’s  Creek,  west  bank. 

No.  14 . 

2,  240 

268 

3,  039 

3,  030 

2,  942 

3, 019 

Pool  on  prairie. 

No.  15 . 

1,937 

100 

3,  240 

2,  727 

2,770 

2, 818 

East  Fork  Milk  River. 

No.  16 . 

1,999 

149 

3.  165 

2,719 

2,  823 

2,893 

Milk  River  lakes. 

No.  17 . 

2,898 

1,049 

2,  262 

3,688 

3, 723 

3, 795 

East  Butte  Sweetgrass  Hills. 

No.  18 . 

2,  624 

827 

2, 583 

3,414 

3,501 

3,  475 

Red  River,  west  bank. 

No.  16 . 

3, 554 

1,641 

1,641 

4,343 

4,  315 

4,417 

North  Fork  Milk  River. 

No.  20 . 

3,586 

1,539 

1,726 

4,375 

4,  213 

4,331 

Chief  Mountain  Lake. 

Feet. 

Fort  Pembina  above  sea .  760 

Cheyenne  above  sea .  6, 058 

Fort  Benton  above  sea .  2, 674 


The  results  obtained  by  reference  to  Fort  Benton  are  those  accepted 
for  the  altitudes  of  these  stations,  and  are  considered  the  most  reliable, 
because  the  horizontal  distances  between  stations  compared  are  much  less 
than  in  the  other  cases,  and  the  general  climatic  and  local  conditions  more 
nearly  similar. 

Apppended  is  a  table  giving  the  altitudes  of  thirty-two  positions,  on  or 
near  the  boundary-line,  with  verbal  description  of  location,  latitude,  and 
longitude,  and  height  above  station  of  comparison  and  above  the  sea. 

Also,  record  of  each  station,  and  of  station  of  comparison,  and  the  work 
of  reduction. 

The  records  at  stations  Nos.  2,  4,  6,  8,  Wood  End  Depot,  Lake  of  the 
Woods,  and  Northwest  Angle  were  made  under  the  supervision  of  Captain 
Twining;  those  at  Nos.  2,  3,  and  4,  east,  under  the  supervision  of  Lieu¬ 
tenant  Greene,  and  at  the  rest  of  the  stations  under  my  own  supervision, ( 
except  at  the  British  depot,  Sweetgrass  Hills,  where  a  semi-daily  record  of 
an  aneroid  barometer  was  kept  during  the  month  of  August,  1874,  and  a 
transcript  of  it  forwarded  to  me  by  the  Chief  Astronomer  of  the  British 
Commission. 
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THE  NORTHWEST  ANGLE,  LAKE  OF  THE  WOODS. 

By  this  title  is  popularly  and  generally  designated  the  arm  or  hay 
of  the  Lake  of  the  Woods,  at  whose  northwestern  extremity  is  the  point 
decided,  by  the  Joint  Commissioners  appointed  to  carry  into  effect  the  7th 
Article  of  the  Treaty  of  Ghent,  to  be  the  most  northwestern  point  of  the 
Lake  of  the  Woods.  To  the  locality  especial  interest  attaches,  from  the 
fact  that  the  most  northwestern  point  mentioned  is  the  initial  point  of  the 
boundary-line  which  it  was  our  work  to  determine,  and  because  a  portion 
of  the  American  waters  of  the  bay,  and  of  one  of  the  streams  emptying 
into  it,  form  a  part  of  the  Dominion  Government  route  of  travel  and  trans¬ 
portation  from  Lake  Superior  to  Winnipeg,  Manitoba. 

In  order  to  arrive  at  a  clear  understanding  of  the  purpose  and  methods 
pursued  in  the  work  at  the  Northwest  Angle,  I  quote  the  following  from 
the  declaration  of  the  Commissioners  appointed  to  establish  the  boundary¬ 
line  under  the  7tli  Article  of  the  Treaty  of  Ghent: — 

Section  19.  Resolved ,  That  the  following  described  line  (also  represented  on  said 
maps  as  before  mentioned)  is,  in  the  opinion  of  the  Counnissioners,  so  far  as  the  same 
extends,  the  true  Boundary  intended  by  the  before  mentioned  Treaties: — Namely, 
*  *  *  *  *  thence  through  the  middle  of  the  waters  of  this  Bay  to  the  Northwest 

extremity  of  the  same,  being  the  most  Northwestern  point  of  the  Labe  of  the  Woods, 
and  from  a  monument  erected  iu  this  Bay,  on  the  nearest  firm  ground  to  the  above 
Northwest  extremity  of  said  Bay,  the  courses  and  distances  are  as  follows:  viz,  1st,  N. 
50°  W.  1565£  feet.  2d,  N.  6°  W.  S61£  feet.  3d,  N.  28°  W.  G15.4  feet.  4th,  N.  27°  10' 
W.  495.4  feet.  5th,  N.  5°  10'  E.  1322£  feet.  6th,  N.  7°  45'  W.  493  feet.  The  variation 
being  12°  East.  The  termination  of  this  6th  or  last  course  and  distance  being  the 
above  said  most  Northwestern  Point  of  the  Lake  of  the  Woods,  as  designated  by  the 
7tli  Article  of  the  Treaty  of  Ghent,  and  being  in  Latitude  Forty-nine  degrees,  twenty- 
three  minutes,  and  fifty-five  seconds  North  of  the  Equator,  and  in  longitude  Ninety- 
five  degrees,  fourteen  minutes,  and  thirty-eight  seconds,  west  from  the  observatory  at 
Greenwich. 

To  discover  and  re-establisli  this  “most  Northwestern  point,”  and  to 
trace,  thence,  the  meridian  boundary-line,  and  to  make  such  surveys  at  the 
Northwest  Angle  as  should  be  necessary,  I  was  directed  by  Maj.  F.  U. 
Farquliar,  then  Chief  Astronomer  of  the  Commission,  to  accompany  him  to 
the  Lake  of  the  Woods,  with  a  portion  of  my  topographical  party,  and  such 
instruments,  rations,  camp-equipage,  &c.,  as  would  be  needed  for  a  month’s 
work. 
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We  accordingly  broke  camp  on  the  boundary-line,  near  tire  Red  River, 
on  the  morning  of  the  list  of  October,  1872,  marched  to  Winnipeg,  Mani¬ 
toba,  in  three  and  one-half  days,  distance  sixty-eight  miles,  crossed  the  Red 
River,  and  went  into  camp  at  Saint  Boniface,  opposite  Winnipeg,  on  the 
evening  of  October  4.  Breaking  camp  next  morning,  we  marched  over  the 
Canadian  Government  road,  known  as  the  “Dawson  road,”  to  the  North¬ 
west  Angle,  arriving  there  upon  the  evening  of  October  9,  the  distance 
from  Saint  Boniface  being  one  hundred  and  ten  miles. 

We  were  associated  in  the  work  at  the  Angle  with  Capt.  Samuel 
Anderson,  Royal  Engineers,  Chief  Astronomer  of  the  British  Commission, 
who,  with  his  detachment  of  English  sappers,  arrived  the  same  evening. 
We  were  also  accompanied  to  the  Angle  by  Capt.  W.  J.  Twining,  United 
States  Engineers,  and  Lieut.  W.  J.  Galwey,  Royal  Engineers,  who,  with 
their  astronomical  parties,  were  on  their  way  to  determine  the  49tli  parallel 
on  the  west  shore  of  the  Lake  of  the  Woods. 

The  country  in  the  vicinity  of  the  Northwest  Angle  is  low  and  swampy, 
and  covered  with  a  dense  growth  of  coniferous  trees,  mostly  tamaracks; 
the  higher  ridges,  which  however  are  of  slight  elevation,  are  covered  with 
groves  of  poplars.  Vast  tracts  of  the  country  have  been  ravaged  by  forest 
fires,  leaving  the  burnt  portions  impassable  by  reason  of  the  dead-fall.  The 
trees  are  mostly  small;  few  having  a  diameter  of  trunk,  at  base,  of  more 
than  six  or  eight  inches,  although  I  secured  one  dead  pine  of  about  twenty- 
six  inches  diameter  at  four  feet  above  the  ground,  the  trunk  of  which  was 
cut  into  sections  eight  feet  long,  and  used  for  observing-posts.  The  soil  is 
generally  sandy,  covered  in  most  places  with  a  considerable  depth  of  vege¬ 
table  mold. 

The  point  of  land  included  between  the  northwest  arm  of  the  lake  and 
the  first  considerable  stream  emptying  into  it  (see  accompanying  map),  on 
both  sides  of  the  meridian  boundary-line,  is  at  times  occupied  by  consider¬ 
able  numbers  of  Ojibway  Indians,  who  come  there  annually  to  receive  their 
annuities  from  the  Canadian  Government,  to  fish,  to  trade  at  the  adjacent 
Hudson’s  Bay  Company’s  store,  and  to  adjust,  among  themselves,  the  prop¬ 
erty  acquired,  by  various  methods  of  gambling. 

The  point  marked  “Dock”  on  the  map  was  the  terminus  of  the  Daw- 
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son  road,  and  the  landing-place  of  the  Canadian  Government  boats  at  the 
time  of  our  visit  to  the  Angle  in  1872.  At  the  present  time,  1875,  the 
terminus  of  said  road,  the  government  buildings,  and  the  Hudson’s  Bay 
Company’s  store  are  located  on  British  territory,  on  the  north  bank  of  the 
same  creek,  and  adjacent  to  the  meridian  boundary-line. 

We  found  at  the  Angle  the  camp  of  a  surveying-party  of  the  British 
Commission,  in  charge  of  Colonel  Forrest,  who  were  engaged  in  making  a 
survey  of  the  entire  northwest  arm  of  the  lake,  which  was  afterward  con¬ 
tinued  along  the  west  shore  of  the  lake  to  the  49tli  parallel.  Colonel  For¬ 
rest,  at  various  times  before  our  arrival,  had  sought  to  discover  some  trace 
of  the  reference  monument  before  alluded  to,  but  his  search  had  been  in 
vain.  He  had  sought  information  as  to  its  location  from  the  Indians  in  the 
vicinity,  and  elicited  to  the  effect  that  some  of  them  remembered  the  visit 
of  the  party  which  erected  it,  in  October,  1824,  and  that  but  few  years  had 
elapsed  since  its  total  disappearance.  They  however  refused  to  point  out 
the  locality,  which  they  claimed  to  know,  except  upon  payment  of  extrav¬ 
agant  rewards  to  themselves  and  their  tribe.  After  several  pow-wows  with 
them,  Colonel  Forrest,  discrediting  their  statements,  had  given  up  hopes  of 
discovering  anything  from  them,  and  refused  to  treat  further  with  them. 
Colonel  Forrest  stated  to  me  that  some  Indians  had  brought  to  his  camp  a 
portion  of  an  oaken  log,  charred  and  much  decayed,  which  they  averred 
was  a  portion  of  the  center  post  of  the  old  monument.  As  before,  they 
refused  to  say  where  they  had  gotten  it,  unless  their  preposterous  demands 
i  were  complied  with,  and  carried  it  away  with  them  when  they  found  they 

were  not  to  obtain  the  compensation  sought. 

It  is  not  necessary  to  seek  far  for  reasons  which  would  explain  the 
disappearance,  in  the  course  of  forty-eight  years,  of  a  wooden  post  sur¬ 
rounded  by  a  crib-work  of  logs. 

First,  it  was  in  a  locality  frequently  visited  by  Indians,  whose  habits 
of  wanton  destruction  are  well  known;  second,  the  locality  in  question  has 
been  ravaged  by  forest  fires ;  third,  natural  decay,  which  was  hastened  by 
the  fact,  as  will  hereafter  appear,  of  its  being  much  in  the  water.  We  had 
as  data  for  our  search  the  map  of  the  Commissioners  of  1825,  on  which  were 
marked  the  positions  of  the  reference  monument,  the  “  most  northwestern 
■20 
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point,”  and  the  place  where  the  astronomical  observations  were  made.  We 
had  given,  also,  the  latitude  and  longitude  of  the  most  northwestern  point, 
and  the  courses  and  distances  connecting  this  point  with  the  reference 
monument. 

The  official  map  was,  however,  drawn  to  so  small  a  scale  (two  inches 
to  one  mile),  that  details  of  localities,  such  as  the  most  northwestern  point, 
&c.,  were  not  recognizable;  but  the  points  of  land  marked  “monument” 
and  “observatory”  were  distinguished,  and  in  the  vicinity  of  the  former 
point  thorough  search  was  made  for  some  trace  of  the  monument  by  Major 
Farquhar,  Captain  Anderson,  and  myself,  assisted  by  the  men  of  our  re¬ 
spective  parties.  This  proving  unsuccessful,  it  became  necessary  to  await 
the  completion  of  Colonel  Forrest’s  detailed  survey.  During  this  interval 
I  verified  this  survey  by  independent  observations  for  azimuth  and  by 
rerunning  the  transit  lines  upon  the  northeastern  shore  of  the  bay,  and 
resurveying  in  vicinity  of  the  point  of  land  marked  “observatory”  on  the 
official  map.  Separate  plats  having  been  made  and  found  in  agreement, 
several  points  in  latitude  49°  23'  55"  (official  latitude  of  most  northwestern 
point)  were  platted  from  latitudes  obtained  by  sextant-observations,  and 
from  them  were  platted  the  official  courses  and  distances  to  the  reference- 
monument.  Failing  to  obtain  by  this  means  any  trace  of  the  exact  site  of 
the  monument,  as  was  supposed  on  account  of  the  probable  discrepancy 
which  would  reasonably  exist  between  the  official  latitude  and  the  latitude 
derived  from  our  observations,  and  as  the  joint  commissioners  who  were  to 
follow  us  from  the  Red  River  had  not  yet  arrived,  Major  Farquhar  directed 
me  to  select  a  point  on  the  tongue  of  land  on  which  we  supposed  should  be 
the  most  northwest  point,  to  erect  there  a  station,  make  azimuth-observa¬ 
tions,  and  begin  the  cutting  of  the  due-south  line.  The  station,  pyramidal, 
with  twenty -foot  center  post,  was  erected,  and  the  cutting  begun,  but  sud¬ 
denly  abandoned  for  cause,  as  will  appear. 

Mr.  Janies  McKay,  then  member  of  Parliament  of  the  province  of 
Manitoba,  and  manager  for  the  Dominion  government  of  the  “  Dawson 
route,”  arrived  at  the  Northwest  Angle  and  became  at  once  interested  in 
the  search  for  the  lost  monument-site.  Mr.  McKay  is  of  mixed  descent, 
and  speaks  with  fluency  the  language  of  the  Ojibways,  having  spent  a  large 
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portion  of  his  life  among  them.  On  this  account,  and  because  of  his  official 
position  and  strong  personality,  he  has  much  influence  with  the  Indians, 
and  obtained  one  of  the  old  chiefs,  who  said  he  knew  the  place  where  the 
monument  had  been,  to  go  with  him  and  point  it  out.  Accordingly  the 
Indian,  accompanied  by  Mr.  McKay,  Major  Farquhar,  and  Captain  Ander¬ 
son,  went  in  a  canoe  to  the  point  of  land  which  we  had  searched  over  so 
many  times,  and  directed  attention  to  a  place,  directly  off  the  point,  among 
the  rushes  which  everywhere  fringe  the  shore,  and  in  about  two  and  a  half 
feet  of  water,  which  he  said  he  knew  to  be  the  place  where  the  monument 
had  been. 

By  wading,  Major  Farquhar  discovered  what  were  to  him  and  those 
accompanying  him  satisfactory  evidences  that  this  was  indeed  the  monu¬ 
ment-site,  and  especially  as  the  descriptions  heretofore  given  proved  that 
it  must  have  been  in  this  immediate  vicinity.  There  were  depressions 
where  portions  of  two  logs  had  evidently  lain  at  right  angles  with  each 
other,  and,  in  the  included  angle,  a  cavity  such  as  would  have  been  left  by 
the  removal  of  a  log,  and  whence  had  probably  been  taken  the  log  before 
mentioned  as  having  been  brought  to  Colonel  Forrest’s  camp. 

The  Indians  said  that  the  water-surface  was,  at  the  time  of  our  visit  to 
the  Angle,  eight  feet  higher  than  it  was  at  the  time  the  monument  was 
erected,  and  this  statement  was  partially  substantiated  by  the  fact  that 
within  the  knowledge  of  the  white  people  living  at  the  Angle,  there  had 
been  no  season  in  which  the  water  had  been  so  high,  in  the  fall  of  the  year. 
With  the  water  even  four  feet  lower,  this  site  would  have  been  on  “firm 
ground,”  as  such  term  would  be  understood  in  a  country  low  and  swampy, 
like  that  in  the  vicinity  of  the  Angle,  and,  moreover,  in  a  place  very  con¬ 
venient  for  making  the  necessary  connections  with  the  point  marked  “ob¬ 
servatory,”  and  with  the  “most  northwestern  point.” 

We  had  been  misled  by  the  statement  of  the  commissioners,  that  it 
was  “A  monument  erected  in  this  Bay,  on  the  nearest  firm  ground  to  the 
above  northwest  extremity  of  said  Bay,”  which  induced  us  to  constantly 
search  too  far  inland,  where,  to  the  northeast  of  the  point  under  discussion, 
and  nearer  to  the  most  northwestern  point,  we  had  found  a  ledge  of  granite, 
in  place. 
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The  occupation  of  this  rock,  however,  would  have  involved  the  sur¬ 
veyors  in  a  large  amount  of  heavy  timber  cutting,  which  was  probably,  at 
that  time,  not  practicable. 

To  sum  up  the  evidence  that  the  point  under  consideration  is  the  site 
of  the  original  reference  monument,  we  find  the  following: 

It  is  in  correct  position,  according  to  the  official  map  of  the  commis¬ 
sioners,  as  nearly  as  can  be  selected  on  a  map  whose  scale  is  two  inches  to 
one  mile. 

The  same  is  true  for  the  most  northwestern  point,  when  connected  with 
this  position  by  the  official  bearings  and  distances. 

It  was  pointed  out  by  an  Ojibway  chief,  and  recognized  by  other  In¬ 
dians,  all  of  whom  averred  that  they  remembered  the  visit,  to  the  Angle,  of 
the  party  that  erected  the  monument,  which  they  had  frequently  seen  in 
after  years. 

The  official  latitude  of  the  most  northwestern  point,  before  quoted, 
differs  from  that  obtained  by  Captain  Anderson,  with  the  zenith  telescope, 
of  the  same  point  (accepting  this  site  as  correct)  by  only  4". 7;  a  very  close 
agreement,  when  we  consider  that  the  original  latitude  was  determined  by 
sun  observations,  with  a  sextant. 

It  was  in  a  prominent  and  convenient  position  for  connecting  with  the 
point  marked  “observatory,”  and  with  the  most  northwestern  point,  involv¬ 
ing  no  timber  cutting. 

Confirmatory  evidence  in  the  shape  of  a  letter  from  Mr.  Barclay,  Com¬ 
missioner  of  the  Commission  of  1824,  who  describes  the  original  monument 
as  having  been  an  oaken  center  post,  surrounded  by  a  crib-work  of  logs 
seven  feet  square. 

This  coincides  with  the  description,  given  by  the  Indians,  of  the  mon¬ 
ument,  and  accounts  for  the  relative  positions  of  the  depressions  discovered 
by  Major  Farquhar.  As  the  evidence  that  the  traces  found  were  those  of 
the  remains  of  the  old  monument  was  considered  satisfactory,  the  site  was 
accepted  by  the  Chief  Astronomers  of  the  Joint  Commission,  and  a  station 
there  erected  was  connected  with  the  due  south  line  through  the  Northwest 
Point,  and  with  the  astronomical  station,  by  means  of  a  triangle  whose 
base-line,  upon  the  opposite  shore  of  the  bay,  was  three  times  carefully 
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measured.  The  correction  to  the  measured  angles  is  all  applied  to  the 
angle  at  the  monument,  because  that  angle  was  measured  with  a  six-inch 
Negus  theodolite,  with  verniers,  whose  least  count  was  thirty  seconds,  and 
the  angles  at  the  base-stations  were  measured  by  careful  repetitions,  with 
an  eight-inch  Wiirdemann  transit,  with  verniers  reading  to  ten  seconds. 

It  was  agreed  between  the  Chief  Astronomers  of  the  British  and  United 
States  Commission,  that  the  due  south  line  should  be  laid  off  jointly. 

Observations  for  azimuth  of  the  base-line  were  made  by  Captain 
Anderson,  upon  Polaris  near  elongation,  and  by  myself,  upon  Polaris  at 
greatest  eastern  and  western  elongations.  My  observations  at  West  Base, 
October  18,  on  Polaris  at  eastern  elongation,  gave  for  azimuth  of  base-line 
119°  03'  14".l,  and  at  East  Base,  October  19,  at  western  elongation  of 
Polaris,  119°  03'  19". 2.  The  azimuth  adopted  by  the  Chief  Astronomers  of 
the  Joint  Commission,  after  a  comparison  of  results,  was  119°  03'  10". 0.  I 
then  planted  a  post  upon  the  base-line,  at  a  measured  distance  from  West 
Base  of  13834,  being  the  point  of  intersection  of  the  due  south  line  through 
Northwest  Point  with  the  base-line  (obtained  as  in  the  following  pages),  and 
measured,  by  careful  repetitions,  with  the  eight-inch  Wiirdemann  transit, 
the  angle  between  the  base-line  and  the  due  south  line.  At  a  distance 
south  from  this  post  of  about  a  half  mile,  another  post  similar  to  it  was 
planted;  the  two  giving  the  direction  of  the  meridian  boundary-line.  As 
it  was  now  late  in  the  season,  and  we  were  not  prepared  for  winter  work,  I 
left  the  Angle  on  the  31st  of  October,  by  Major  Farquhar’s  order,  and 
arrived  at  Fort  Pembina  on  the  7th  of  November. 

The  work  of  cutting  through  the  timbered  swamps,  on  the  due  south 
line,  to  the  shore  line  of  the  Lake  of  the  Woods,  was  intrusted  to  the 
supervision  of  the  British  parties,  and  was  accomplished  in  1872.  The 
permanent  iron  pillars  marking  this  line,  were  placed  in  the  fall  of  1874. 

In  the  autumn  of  1875,  being  then  engaged  in  placing  the  permanent 
iron  pillars  on  the  49tli  parallel,  I,  by  direction  of  the  Chief  Astronomer, 
visited  the  Northwest  Angle,  and  verified,  by  observation,  the  correctness 
of  the  positions  of  the  three  iron  pillars  nearest  the  Northwest  Point,  and 
the  direction  of  the  cutting  to  the  south.  I  found  portions  of  the  various 
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wooden  posts  located  at  the  Angle  in  1872,  still  standing;  but  they  will 
soon  have  disappeared,  as  the  squaws  chop  their  kindling-wood  from  them. 

The  Dominion  Government  has  erected  several  buildings,  warehouses, 
stage-station,  &c.,  on  British  territory,  immediately  adjoining  the  boundary¬ 
line.  The  present  steamboat-dock,  and  the  terminus  of  the  Dawson  road 
are  near  the  buildings. 

The  government  boats  are,  however,  still  obliged  to  pass  through  nearly 
a  mile  of  American  waters,  to  reach  their  dock  at  the  terminus  of  the 
Dawson  road. 

Appended,  are  the  computations  of  the  surveys,  connecting  the  refer¬ 
ence-monument  with  the  due  south  line  through  the  Northwest  Point,  and 
the  Northwest  Point  with  the  astronomical  station.  Also,  a  map  of  the 
Northwest  Angle,  upon  which  are  marked  all  of  the  points  hereinbefore 
discussed. 

Computations  of  surveys. 


Stations. 

Measured 

angles. 

Correc¬ 

tions. 

Corrected 

angles. 

Azimuth  and 
length  of 
base-line. 

West-base _ _ _ _ 

0  /  // 

96  53  12.3 

46  08  33. 6 

36  58  20.0 

// 

0.0 

0.0 

—5.9 

o  /  II 

96  53  12.3 

46  08  33.6 

36  58  14. 1 

119°  03'  10" 

2, 191.  0  feet. 

East-base . 

Monument . 

log  2191.0  3.  3406424 

log  sin,  west-base  9. 9968552 

A.  C.  log  sin,  mon’t  0. 2208290 


3. 3406424 

log  sin,  east-base  9.8579758 

A.  C.  log  sin,  mon’c  0. 2208290 


3.  5583266 


3.  4194472 


M.  -  E.  B.  3,616.8  W.  B.  —  M.  2,626.9 

West-base  —  east-base,  S  60°  56'  50":  E.  2.191.0  feet. 


log  dist.  3.  3406424 
log  cos  az.  9. 6862922 


3. 0269346 


3. 3406424 
log  sin  az.  9. 9415973 

3. 2822397 


S.  1,064.0  E.  1,915.3 

Monument  —  west-base,  S.  22°  09'  57".7  ;  W.  2,626.9  feet. 


log  dist.  3. 4194472 
log  cos  az.  9. 9666553 


3. 4194472 
log  sin  az.  9. 5766773 


3. 3861025 

S.  2,432.8 


2. 9961245 


W.  990.8 
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The  courses  and  distances  from  the  reference-monument  to  the  “most 


Northwestern  point,”  as  established  by  the  Commissioners,  under  the  seventh 
article  of  the  treaty  of  Ghent,  are  as  follows: — 


1st,  N.  56°  W . 1,565*  feet. 

2d,  N.  6°  W . 861*  feet. 

3d,  N.  28°  W . 615.4  feet 

The  variation  being  12°  east. 


4tb,  N.  27°  10'  W . 495.4  feet 

5th,  N.  5°  10'  E . 1,322*  feet, 

6th,  N.  7°  45'  W . 493  feet. 


These  courses  and  distances  give,  with  true  bearings,  the  following 


results  for  latitude  and  departure: — 


Northing. 

3. 1946531 
9. 8569341 

1st  course, 
log  cos. 

1126. 1 

3. 0515872 
2.  9352553 
9. 9976143 

2d  course, 
log  cos. 

856.8 

2. 9328696 
2. 7891575 
9. 9828416 

3d  course, 
log  cos. 

591.6 

2. 7719991 
2. 6949560 
9. 9846033 

4th  course, 
log  cos. 

478.1 

2.  6795593 
3. 1213957 
9.  9802081 

5th  course, 
log  cos. 

1263. 6 

3. 1016038 
2. 6928469 
9. 9988041 

6th  course, 
log  cos. 

491.6 

2. 6916510 

4807. 8  total  northing. 


log  dist. 

44°,  log  sin 

3. 1946531 

9. 8417713 

Easting. 

Westing. 

log  dist. 

6°,  log  sin. 

3. 0364244 

2. 9352553 

9. 0192346 

1087. 5 

log  dist. 

16°,  leg  sin 

1. 9544899 

2. 7891575 

9. 4403381 

90.1 

2. 2294956 
log  dist.  2. 6949560 

15°  10',  log  sin  9. 4176837 

169.6 

2.1126397 
log  dist.  3. 1213957 

17°  10',  log  sin  9.  4700461 

129.6 

log  dist. 

4°  15',  log  sin 

2. 5914418 

2. 6928469 

8. 8698680 

390.3 

1. 5627149 

36.5 

516.9 

1386. 7 
516.9 

Total  westing, 

West-base,  west  of  ref.  mon’t, 

869.8 

990.8 

Northwest  Point,  east  of  west-base, 

121.0 

Referring  to  the  accompanying  map,  in  the  right  angled  triangle 
west-base  A  P,  there  is  given  the  distance  west-base  A,  and  by  subtracting 
the  azimuth  of  the  base-line  (119°  03'  10")  from  180°,  is  obtained  the 
angle  opposite  and  equal  to  the  angle  at  P;  hence 

log  121.0  =  2.0827854 

A.  C.  log  sin  60°  56'  50"  =  0. 0584027 

138.4  feet  =  2. 1411881 

which  is  the  distance  laid  off  on  the  base-line,  from  west-base  to  the  meri¬ 
dian  line  through  the  Northwest  Point. 
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The  astronomical  latitude  post  was  connected  with  the  post  at  east- 
base,  as  follows — bearing-  being  true: 


Transit  post  to  stake  “A”  N.  25°  25'  30"  ;  E.  325.1  feet. 

Northing.  Easting, 

logdist.  2.2510170  logdist.  2.5120170 

log  cos  az.  9. 9557589  log  sin  az.  9. 6327905 

293.6  2.4677759  2.1448075  139.6 

Stake  “A”  —  east-base,  N.  41°  35'  30" ;  E.  847.0  feet, 
logdist.  2.9278834  logdist.  2.9278834 

log  cos  az.  9.  8738404  log  sin  az.  9. 8220487 

633.5  2.8017238  2.7499321  562.3 


927. 1  total  northing. 


Total  easting,  701.9 


Northing.  Easting.  Westing. 


Zenith  telescope  post  to  transit  post,  6. 0 

Transit  post  to  east-base,  927.1 

East-base  to  reference  monument,  3496. 8 

Reference  monument  to  Northwest  Point,  4807. 8 


28.0 

924.2 

869.8 


Zenith  telescope  post  to  Northwest  Point,  9237. 7 


1822. 0 
701.9 


1120. 1 

Latitude  of  zenith  telescope  post  (Anderson),  49°  22'  19".  137 
9237.7  feet  =  1'  31".  146 


Latitude  of  Northwest  Point,  49°  23'  50".  28 

Longitude  of  Northwest  Point  (by  survey  of 
British  party  from  Astronomical  Station 
Lake  of  Woods),  95°  08'  56".  7 


CHIEF  MOUNTAIN  LAKE. 

Chief  Mountain  Lake  lies  at  the  eastern  base  of  the  main  divide  of 
the  Rocky  Mountains,  and  across  our  northern  boundary-line,  in  longitude 
about  113°  53'  west  from  Greenwich.  To  the  east  of  it  is  an  outlying  range 
of  mountains,  which,  breaking  from  the  main  range  some  miles  south  of  the 
head  of  the  lake,  trends  along  its  eastern  shore,  and  terminates  abruptly 
near  its  foot. 

The  lake  consists  of  two  quite  distinct  basins,  connected  by  a  narrow 
and  deep  strait.  Of  these  the  most  southerly  is  seven  miles  long,  and 
varies  from  a  half  mile  to  nearly  a  mile  in  width.  It  is  by  far  the  larger, 
constituting,  in  fact,  the  body  of  the  lake,  and  will  be  understood  when  in 
the  following  narrative  the  term  lake  is  used. 

Hemmed  in  on  all  sides  by  ranges  of  towering,  precipitous  mountains, 
whose  peaks  rise  from  two  thousand  to  six  thousand  four  hundred  feet 
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above  it,  the  lake  is  unapproachable  by  any  route  save  by  the  valley  of 
its  outlet,  the  Water  ton  River. 

By  turning  northward,  therefore,  from  a  point  on  the  boundary-line 
about  twenty  miles  east  of  the  lake,  we  headed  off  the  outlying  mountain- 
range  described,  and  following  up  the  valley  of  the  Waterton  River,  reached 
the  foot  of  the  lake,  with  our  wagons,  on  the  1 8th  of  August.  Camp  was 
pitched  the  same  evening  on  a  fine  shingle-beach  at  the  foot  of  the  lake,  a 
position  which,  besides  the  practical  desideratum  of  proximity  to  an  abund¬ 
ant  supply  of  pure,  cold  water,  afforded  us  also  a  comprehensive  view  of 
lake  and  mountain  scenery,  which,  for  picturesque  beauty  and  grandeur, 
is  probably  not  excelled,  if  equaled,  by  any  on  the  continent. 

The  lake  and  neighboring  mountain-streams  abound  with  delicious 
fish,  and  the  vicinity  of  our  camp  with  dusky-grouse.  One  fish,  said  to  be 
a  salmon-trout,  weighing  over  twenty-one  pounds,  was  caught  from  the 
lake  by  a  soldier,  with  a  hook  fashioned  from  the  rim-wire  of  some  tin 
utensil ;  and  many  red-speckled  trout  were  caught  from  the  mountain- 
streams  that  weighed  in  the  vicinity  of  three  pounds. 

The  water  of  the  lake  is,  of  course,  clear  and  cold,  and  of  great  depth. 
I  regret  that  I  had  at  hand  no  means  of  taking  soundings.  A  piece  of  twine 
over  three  hundred  feet  long,  with  a  heavy  weight  attached,  did  not  reach 
bottom  when  let  out  at  a  point  about  two  hundred  yards  from  the  shore, 
near  Station  No.  20.  There  is  no  current  perceptible  except  near  the  out¬ 
let  of  the  northern  basin  before  mentioned. 

The  purpose  of  my  visit  was  to  establish  on  the  shore  of  the  lake  the 
last  astronomical  station  of  the  survey,  and  to  make  a  geodetic  and  topo¬ 
graphical  survey  of  the  lake  and  neighboring  mountain-region. 

Having  found  by  observations  with  the  sextant  for  latitude  that  our 
camp  was  three  and  a  half  miles  north  of  the  49th  iparallel,  I  was  obliged 
to  cast  about  for  means  of  water-transportation  to  the  boundary-line,  as  a 
very  cursory  examination  was  sufficient  to  demonstrate  the  unfeasibility 
of  a  journey  there  by  land,  on  account  of  the  precipitous  nature  of  the 
mountain-sides. 

After  some  experiments  with  improvised  boats  composed  of  wagon- 
boxes  with  covers  of  tent-canvas,  which  failed  on  account  of  the  permea- 
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bility  to  water  of  the  thin  canvas,  I  finally  achieved  success  in  two  boats 
which  were  modifications  of  the  above.  One  of  these  was  a  wagon-box 
with  the  ends  and  all  cracks  covered  with  pieces  of  raw-hide  closely  tacked 
on,  and  the  whole  covered  with  canvas.  The  other,  as  the  supply  of  hide 
was  exhausted,  was  a  wagon-box  fastened  on  top  of  a  raft  composed  of 
seven  logs,  to  which  additional  buoyancy  was  given  by  securing  empty 
water-casks  between  the  outside  logs  on  each  side  of  the  raft.  Paddles 
were  used  for  propulsion,  the  paddlers  being  squatted  in  the  bottom,  as  the 
crankiness  of  the  boats  would  not  permit  the  use  of  elevated  seats  such  as 
are  necessary  for  oarsmen. 

We  were  ready  for  the  trip  up  the  lake  on  the  evening  of  the  20th, 
but  a  severe  storm  came  up  that  night  which  lasted  for  two  days,  causing 
delay  and  some  damage  to  our  boats,  which,  however,  was  soon  repaired. 

On  the  evening  of  the  22d,  the  night,  though  dark,  was  still,  and  I 
determined  to  take  advantage  of  the  lull  to  make,  at  least,  part  of  the 
distance  to  the  boundary-line  before  daylight.  Leaving  the  main  portion  of 
my  party  in  charge  of  Dr.  Elliott  Coues,  United  States  Army,  I  embarked, 
about  8  p.  m.,  with  my  assistants,  Mr.  Boss  and  Mr.  Edgerton,  and  five  men, 
the  necessary  instruments,  seven  days’  rations,  and  as  much  camp-equipage 
as  was  absolutely  necessary.  Once  fairly  out  upon  the  lake  the  darkness 
appeared  thicker  than  before,  and  land-positions  were  totally  unrecogniza¬ 
ble.  The  labor  of  forcing  the  unwieldy  and  heavily-loaded  crafts  through 
the  water,  and  our  constrained  positions  in  the  bottoms  of  the  boats,  which 
we  were  unable  to  relieve  by  change,  as  the  slightest  motion  produced 
unpleasant  tips,  suggestive  of  capsize  and  the  certain  loss  of  all  our  instru¬ 
ments,  made  us  all  very  tired,  and  we  were  glad  to  find  a  convenient  little 
beach  where  we  landed  about  11  p.  m.,  and  bivouacked  for  the  night.  We 
had  made,  in  the  three  hours  of  toilsome  paddling,  about  one  and  a  half 
miles. 

In  the  early  morning  we  were  again  under  way,  and  arrived  about  9 
a.  m.  at  a  good  landing-place  on  the  western  shore,  which  was  opposite  a 
point  on  the  eastern  shore  previously  determined,  by  triangulation  from  the 
sextant  position  before  mentioned,  to  be,  approximately,  in  latitude  49°. 
There  we  landed  our  effects,  and  near  by,  on  a  convenient  bottom-land, 
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set  up  the  observatory,  where  astronomical  work  was  begun  the  same 
evening. 

On  the  24th  I  made  an  exploration  up  the  ravine  of  a  creek  which 
tumbles  down  between  the  mountains,  west  of  Station  No.  20,  with  the 
hope  of  finding  some  accessible  points,  by  means  of  which  a  trigonomet¬ 
rical  connection  could  be  effected  between  my  station  and  the  Akamina 
station — the  last  station  established  by  the  Northwestern  Boundary  Survey 
in  1861.  The  latter  is  on  the  main  divide  of  the  mountains,  and,  as  I  knew, 
only  about  seven  miles  west  of  Station  No.  20.  After  several  hours  of 
toilsome  climbing,  I  became  persuaded  that  the  project  was  impracticable, 
and  reluctantly  abandoned  it. 

The  latitude-work  was  completed,  and  the  stone  mound  which  marks 
the  boundary-line  erected,  on  the  26tli. 

The  instruments,  &c.,  were  repacked  in  the  boats  the  same  afternoon, 
and  although  the  wind  was  blowing  almost  a  gale  from  the  south,  making 
the  lake  very  rough,  it  was  a  fair  wind  for  us,  and  all  hands  preferred  taking 
the  chances  of  disaster  in  the  day-time,  to  risking  the  possibilities  of  another 
night- trip.  We  therefore  started  about  3  p.  m.,  and  by  means  of  square  sails 
extemporized  from  tent-flies,  sped  along  in  quite  gallant  style.  Our  unceas¬ 
ing  efforts  were,  however,  required  to  keep  the  crafts  before  the  wind,  and 
tolerably  free  from  water.  The  surf  was  running  very  high  upon  the  beach 
near  camp,  and  I  greatly  feared  the  danger  of  capsize  in  the  attempt  to  land 
there,  for  which  there  was  no  alternative ;  but  this  calamity  was  averted  by 
several  of  my  men,  who  from  the  shore  were  anxiously  watching  our  prog¬ 
ress.  They  appreciated  the  situation,  and  making  into  the  breakers,  at 
exactly  the  proper  moment,  seized  each  boat,  as  she  arrived  in  shoal  water, 
and  bore  her  upon  the  wave-crests,  high  and  dry  upon  the  beach. 

Immediate  preparations  were  made  for  the  march  eastward,  which  was 
begun  next  morning,  August  27. 

•  The  geodetic  and  topographical  work,  I  gave  into  the  hands  of  my 
assistant,  Mr.  Lewis  Boss,  who,  laboring  under  many  difficulties,  rapidly 
and  accurately  performed  it.  As  soon  as  boat  No.  1  was  completed,  he 
used  it  to  transport  himself,  men,  and  instruments,  from  point  to  point  on 
the  lake,  until  we  were  ready  for  our  trip  to  Station  No.  20.  He  accom- 
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parried  me  there,  and  finished  his  work  by  the  same  means,  during  the  time 
that  I  was  busy  at  the  station. 

Though  the  boat  was  more  manageable  when  not  loaded  down  with 
freight,  it  was  yet  very  unwieldy,  and  could  be  propelled  but  slowly  with 
great  expenditure  of  power,  and  as  the  lake  was  subject  to  sudden  flaws 
and  squalls,  crossing  it  in  such  a  craft,  was  not  only  difficult  but  a  matter 
of  considerable  concern  as  to  safety. 

The  geodetic  work  consisted  of  a  base-line,  1,199.2  feet  long,  several 
times  carefully  measured  with  a  chain,  and  twenty-four  triangles  dependent 
upon  it,  whose  angles  were  measured,  by  repetitions,  with  a  six-inch  Negus 
theodolite,  reading  by  verniers  to  thirty  seconds. 

The  azimuth  of  the  base-line  was  determined,  by  observations  of 
Polaris  near  eastern  elongation,  on  the  nights  of  August  18  and  19,  to  be 
0°  51'  36". 

There  were  taken  at  each  of  the  twenty-one  trigonometrical  stations 
occupied,  numerous  horizontal  and  vertical  angles  to  prominent  mountain- 
peaks,  by  means  of  which  twenty  such  peaks  have  been  platted,  and  their 
elevations  above  the  lake  determined. 

The  topography  is  laid  down  from  continuous  shore-line  sketches,  and 
numerous  profile  sketches  made  at  the  various  stations. 

The  accompanying  sketch  shows,  on  a  scale  of  5^0,  the  scheme  of 
triangulation  accomplished,  and,  incidentally,  the  heights  above  the  lake  of 
the  mountain-peaks  located.  The  height  of  the  lake-surface  was  determined, 
barometrically,  to  be  four  thousand  two  hundred  and  thirteen  feet  above 
the  sea. 

From  the  mean  of  numerous  differences  between  the  true  bearings  of 
triangulation-lines  and  the  compass-bearings  of  the  same,  the  magnetic 
variation  was  ascertained  to  be  east  23°  19'. 

CHRONOMETER  PERFORMANCES. 

In  connection  with  my  work  during  the  seasons  of  1873  and  1874, 
observations  with  the  sextant,  for  local  time,  were  made  at  nineteen  points 
on  the  boundary-line  where  longitudes  were  afterward  determined.  The 
chronometers  used  were  subject  to  conditions  similar  to  those  which  gene- 
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rally  pertain  to  those  expeditions  of  exploration  or  survey  which,  from  the 
nature  of  the  country  traversed,  can  use  wagons  as  their  means  of  trans¬ 
portation.  Therefore,  if  the  longitudes  of  these  points  were  accurately 
known,  we  should  have  data  for  estimating,  with  considerable  accuracy, 
within  what  probable  limit  of  error  chronometric  differences  of  longitude 
are  reliable,  when  obtained  with  similar  instruments  used  under  similar 
circumstances.  Unfortunately,  the  longitude  of  any  station  is  possibly  in 
error  to  an  amount  sufficient  to  largely  increase  such  estimate,  but  as  it 
does  not  probably  exceed,  at  any  station,  five  or  six  seconds  of  time  (Is  = 
999.75  feet  in  latitude  49°),  there  are  still  data  affording  some  interesting 
comparisons  with  chronometer-longitudes. 

We  may  also  satisfactorily  ascertain  how  the  chronometers  were  per¬ 
forming  at  various  stages  during  the  progress  of  the  work,  inasmuch  as  only 
the  difference  of  the  errors  of  the  accepted  longitude  of  consecutive  stations 
enters  to  affect  the  determination  of  the  traveling  rates  between  those  sta¬ 
tions,  and  this  is  inappreciable,  in  comparison  with  the  possible  errors  of 
rates  derived  from  observations  with  the  sextant,  made  at  short  intervals  of 
time. 

The  great  and  frequent  changes  of  temperature  to  which  the  chronom¬ 
eters  were  subject,  and  the  incomplete  record  of  the  same,  the  necessarily 
rough  method  of  transportation,  and  the  method  employed  to  obtain  rates, 
all  combine  to  preclude  refinement  in  the  discussion  of  results;  but  I  know 
of  no  expedition  which  covers  so  great  an  extent  of  time  and  travel,  where 
the  checks  are  as  good,  and  this  has  induced  me  to  elaborate  the  accompa¬ 
nying  tables. 

The  chronometers  used  are  enumerated  in  the  tables.  Nos.  1481  and 
1513,  Negus,  were  new  instruments,  purchased  by  the  commission  in  1873. 
They  were  swung  in  gimbals.  1319,  Negus,  was  the  property  of  the  Navy 
Department,  and  was  not  a  new  instrument.  235,  Bond,  was  an  old  instru¬ 
ment,  formerly  used  on  the  survey  of  the  northwestern  boundary-line. 
The  last  two  were  in  ordinary  leather  cases.  All  were  habitually  trans¬ 
ported  from  station  to  station  in  a  four-spring  wagon,  generally,  in  1873, 
incased  in  a  cotton-padded  box,  but  in  1874,  under  the  care  of  an  assistant, 
on  the  cushioned  seat  of  the  wagon.  In  camp,  they  were  kept  in  the 
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observatory  tent,  where  they  were  free  from  disturbance,  but  subjected  to 
greater  ranges  of  temperature  than  obtained  in  the  open  air;  the  minimum 
temperatures  in  the  tent  and  outside  being  about  the  same,  while,  on  hot 
days,  the  maximum  in  the  tent  exceeded,  by  several  degrees,  that  of  the 
open  air. 

It  was  usual  to  compare  the  chronometers  daily  at  noon,  for  which 
time  the  corrections  were  deduced  when  sun-observations  for  time  were 
made  east  and  west  at  corresponding  hour-angles.  When  the  observations 
were  made  at  night,  or  only  east  or  west,  they  were  compared  at  the  time 
of  observation. 

The  longitude  of  Station  No.  1  was  determined  telegraphically  by  an 
officer  of  the  British  Commission  working  at  that  station,  in  connection 
►  with  an  observer  at  the  Chicago  Observatory.  From  this  is  deduced  that 
of  the  succeeding  stations,  including  No.  19,  by  means  of  the  chained 
distances  along  the  line  between  stations.  The  longitude  of  Station  No. 
20,  and  our  determination  of  the  longitude  of  Akamina  Station,  depend 
upon  traverse- lines  connecting  them  with  the  British  Station,  marked  on 
the  joint  maps  No.  38.  The  longitude  of  Akamina  Station,  so  determined, 
differs  from  the  result  obtained  by  the  astronomers  of  the  Northwestern 
Boundary  Survey,  by  the  method  of  lunar  culminations,  by  2.1  seconds  of 
time,  the  latter  being  the  greater. 

The  longitude  of  the  meridian-line  traced  by  Lieutenant  Greene  from 
the  boundary-line  to  Fort  Shaw,  Montana,  is  less  than  the  longitude  of  the 
same  derived  from  the  land -survey  determination  of  their  principal  meridian 
near  Fort  Shaw  b}T  8.5  seconds  of  time. 

Transportation  of  chronometers  from  Fort  Shaw  to  Bozeman,  Mont., 
of  which  the  longitude  is  known  by  telegraph,  gave  a  longitude  for  our 
meridian-line  4.1  seconds  of  time  greater  than  the  boundary-determination 
of  the  same. 

Taking-  into  consideration  all  of  the  circumstances  attending  the  various 
determinations  (for  details  of  these  longitudes  see  Lieutenant  Greene’s  re¬ 
port),  I  think  we  may  safely  say  that  the  error  in  the  accepted  longitude  of 
any  station  does  not,  in  oil  probability,  exceed  the  amount  stated. 

Table  I  gives  the  errors  of  the  chronometers  on  Washington  time  for 
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the  dates  and  stations  recorded  in  columns  1  and  2.  There  are  also  given 
the  maximum  and  minimum  open-air  temperatures  for  various  dates  during 
the  seasons.  These  were  recorded  from  thermometers  hung  near  the  tent 
in  which  the  chronometers  were  kept,  except  for  dates  September  7,  8,  and 
12,  which  are  from  the  record:-  of  Wood  End  Depot. 

Table  II  shows  the  rates  of  the  chronometers  derived  from  observa¬ 
tions  on  dates  given  in  column  1,  which  are  so  selected  as  to  show  rates 
when  the  chronometers  were  stationary  and  traveling  alternately. 

The  sources  of  error  in  these  rate-determinations  are  the  difference  of 
the  errors  in  longitude  of  consecutive  stations,  which  enters  directly  into 
the  traveling  rates,  but  is  probably  very  small,  and  the  algebraic  sum  of 
the  errors  of  the  chronometer-corrections  for  the  two  dates  from  which  the 
rates  are  derived,  which  is  diminished  proportionately  to  the  number  of  days 
intervening  between  the  dates  of  the  observations  from  which  the  rates  were 
determined. 

I  do  not  think  that  the  error  of  observation,  in  any  case,  is  as  much  as 
two  seconds,  as  the  observations  were  usually  made  at  corresponding  hour- 
angles  east  and  west,  or  with  a  sextant  whose  eccentricity  had  been  care¬ 
fully  determined. 

The  results  do  not  show  any  decided  changes  of  rates,  from  stationary 
to  traveling,  and  vice  versa ;  they  are  probably  small,  and  are  obscured  by 
the  error  mentioned.  The  general  rates  for  the  seasons  were  quite  well 
preserved  until  the  time  of  low  mean  temperatures.  For  instance,  during 
the  season  of  1873,  to  the  last  of  August,  and  of  1874,  the  season-rate  of 
any  chronometer  does  not  differ  from  any  rate  given  for  it  in  the  table  by 
more  than  03.8  in  1873,  and  1V2  in  1874,  reaching  those  limits  only  in 
single  instances. 

In  1873,  however,  the  rates  of  chronometers  1319,  1481,  and  235,  for 
September,  differ  from  their  rates  of  the  rest  of  the  season  by  28.4,  18.6,  and 
2s.  6,  respectively,  and  the  rates  of  the  last  half  of  September,  from  the  same, 
by  38.6,  2S.8,  and  38.5,  respectively.  The  reason  for  the  very  large  losing 
rates  during  September,  1873,  is  obvious  from  an  inspection  of  the  temper¬ 
atures  to  which  they  were  then  subject. 

There  have  been  many  discussions  of  the  effects  upon  the  rates  of  well- 
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compensated  chronometers  of  various  degrees  of  temperature,  but  none  that 
I  know  of  where  they  were  subjected  to  so  great  extremes  as  were  ours. 

Chronometers  on  trial  at  the  Greenwich  Observatory  are,  in  the  course 
of  several  months,  subjected  to  temperatures  between  the  limits  of  +40° 
and  +95°,  during  which  time  their  daily  rates  are  weekly  summed,  in  the 
order  of  dates  and  the  order  of  temperatures,  for  the  purpose  exhibited  in 
Table  III. 

In  the  discussions  of  the  chronometric  expeditions  between  Liverpool 
and  Cambridge,  Professor  Bond  deduces  formulae  for  temperature-correc¬ 
tions  to  the  rate  for  limits  of  temperature  20°  either  way  from  the  compen¬ 
sation-temperature.  But,  in  our  work,  we  had  at  times  extremes  of  tem¬ 
perature  of  over  50°  within  twenty-four  hours’  time,  and  the  extremes, 
during  the  season  of  1873,  were  81°  apart,  so  that  none  of  the  discussions 
are  applicable  in  this  case.  There  only  remains  to  be  said  in  reference  to 
this  important  point,  that  our  results  do  not  show  sensible  changes  in  rates 
for  variation  of  temperature  such  as  usually  occur  during  ordinary  summer 
and  fall  weather,  say  for  a  variation  of  25°  either  way  from  G5°.*  When, 
however,  the  minimum  was  daily  below  40°  for  a  continued  period,  as  in 
September,  1873,  the  rates  became  irregular,  and  when  the  minimum  was 
continuously  35°  and  below,  entirely  unreliable  Whether,  at  ordinary 
winter- temperatures,  we  might  expect  uniform  losing  rates  to  be  estab¬ 
lished,  there  are  not  sufficient  data  to  decide,  but  from  the  record  of  chro¬ 
nometer  1455  (see  Table  II),  such  would  appear  to  be  the  case.  This  chro¬ 
nometer  was  used  by  Lieutenant  Greene  during  the  summer  of  1873  and 
the  following  winter.  The  record  of  temperatures  for  the  months  given  is 
from  the  record  of  the  Medical  Department,  United  States  Army,  kept  at 
Fort  Pembina.  (See  Circular  No.  8,  War  Department,  S.  G.  O.,  1875.) 

It  also  appears  from  the  table  that  chronometers  1481,  235,  and  1319, 
in  1873,  and  1513,  235,  and  1319,  in  1874,  were  meritorious  in  the  order 
named.  This  decision  is  confirmed  in  Table  III,  in  which,  following  the 
method  adopted  at  the  Greenwich  Observatory,  in  the  tabulated  results  of 

*  In  other  words  the  changes  due  to  variation  of  temperature  are  obscured  by 
errors  in  rate-determinations  and  by  changes  of  rate  due  to  jolting,  &c.,  of  the  chro¬ 
nometers. 
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the  trials  of  chronometers  for  purchase,  the  order  of  merit  is  determined  by 
means  of  the  differences  between  the  greatest  and  least  weekly  rates,  and 
the  greatest  differences  between  the  rates  of  consecutive  weeks.  The 
weekly  rates  in  Table  III  are  derived  from  Table  I,  by  interpolation,  and 
of  course  are  only  approximate,  but  near  enough  the  truth  to  make  the 
comparisons  indicated. 

Table  IV  gives  the  accepted  longitudes  of  nineteen  points  on  or  near 
the  boundary-line,  and  the  longitudes,  by  chronometers,  of  seventeen  of 
them.  The  rates  used  in  calculating  the  difference  of  longitude  between 
consecutive  stations,  are  those  obtained  at  the  nearest  preceding  station,  and 
are  used  in  preference  to  the  mean  of  those  at  the  stations  whose  difference 
in  longitude  is  required,  because  of  the  long  time  elapsed,  in  some  instances, 
and  because  at  the  latter  stations  in  1874,  and  at  the  last  in  1873,  no  rates 
were  determined.  In  some  instances,  all  of  the  chronometers  were  not 
compared  and  the  differences  mentioned  depend  upon  two,  and,  from  Station 
20  to  Sweetgrass  Hills,  upon  one  chronometer.  The  longitude,  by  chro¬ 
nometers,  of  any  station  given  in  the  table,  is  the  sum  of  the  mean  of 
chronometric  differences  between  the  preceding  stations;  the  difference, 
therefore,  at  any  station,  between  the  accepted  and  chronometer-longitude, 
is  the  total  difference,  by  the  two  methods,  from  the  initial  station. 

It  is  usual  with  expeditions  which  determine  longitude  by  transporta¬ 
tion  of  chronometers,  to  return  them  to  the  starting-point,  or  to  arrive  with 
them  at  some  point  of  which  the  longitude  is  known,  and  by  means  of  the 
differences  of  chronometer-errors  at  the  starting  and  terminal  points,  the 
difference  of  longitude  between  the  two  points,  and  the  elapsed  time,  to 
deduce  a  daily  rate,  which  is  assumed  to  have  been  uniform  during  time  of 
travel,  by  means  of  which  intermediate  points  are  fixed  in  longitude. 

To  make  a  case  nearly  similar,  I  use  the  data  of  Table  IV,  and  rates 
for  1873  deduced  from  the  observations  of  June  7  and  8,  and  August  31, 
and  rates  for  1874  derived  from  the  dates  July  5.3,  and  August  13.3,  as 
given  in  Table  II.  There  result  the  chronometer-longitudes  given  in  Table 
V,  which,  as  was  to  be  expected,  agree  generally  better  with  the  accepted 
longitudes  than  do  those  of  Table  IV,  excepting  of  course  Stations  10,  11, 
and  12,  where  low  temperatures  prevailed, 
x  b - 21 
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The  mean  of  the  differences  between  the  accepted  longitudes  and  the 
longitudes  of  the  stations  by  either  of  the  mentioned  methods,  or  between 
the  latter,  excepting  the  last  three  stations  of  1873,  is  less  than  two  seconds 
of  time,  and  the  greatest  difference,  at  any  station,  only  reaches  five  seconds, 
the  same  stations  excepted. 

If  we  suppose  that  the  mean  error  of  the  accepted  longitude  increases 
the  mean  differences  mentioned  by  two  seconds,  and  that  the  greatest  error 
at  any  station  increases  the  greatest  difference  by  six  seconds,  which  is 
taking  the  most  unfavorable  combinations  possible,  we  have,  for  the  mean 
error  of  the  chronometer-longitudes  of  stations,  four  seconds  of  time,  and 
for  the  limit  of  error,  eleven  seconds,  or,  in  latitude  49°,  about  four-fifths 
of  a  mile  and  two  miles  respectively. 
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Table  I. 

Errors  of  Chronometers  on  Washington  time. 


Station. 

Date. 

Mean  timo 
chr.  1319, 
Negus  &Co. 
Slow. 

Sidereal 
clir.  1481, 
Negus  &  Co. 
Slow. 

Sidereal 
clir.  235, 
Bond  &Son. 
Slow. 

Date. 

Air  temper- 
aturos. 

Date. 

Air  temper¬ 
atures. 

Max. 

Min. 

Max. 

Min. 

1873. 

ft. 

m. 

s. 

ft. 

m. 

s. 

ft. 

m. 

s. 

1873. 

o 

o 

1873. 

o 

O 

1 

23 

55.5 

1 

16 

38.  4 

84 

68 

89 

45 

7 

1 

24 

02.  1 

16 

62 

10 

91 

40 

8 

03.4 

30.0 

0 

06 

41.7 

17 

86 

74 

11 

89 

48 

No.  2 . 

10 

06.2 

29.3 

41.2 

18 

88 

63 

12 

85 

52 

3 . 

12. 16 

10.  6 

28.  7 

43.  0 

19 

73 

68 

19 

97 

55 

3  . 

15 

16.9 

28.0 

45.1 

20 

78 

66 

20 

75 

43 

3 . 

17. 17 

22.  6 

24.3 

40.5 

21 

68 

55 

21 

79 

27 

5 . 

26 

37. 1 

13.  0 

22 

66 

55 

22 

81 

37 

5 . 

20 

42.  9 

36.  9 

29 

73 

66 

23 

86 

55 

5 . 

30 

41.3 

07. 1 

32.9 

30 

77 

47 

24 

81 

42 

5 . 

July  1 

42.  8 

07.6 

32.  0 

July  1 

82 

35 

25 

72 

55 

5 . 

6 

50.  5 

04.  0 

27.  3 

2 

86 

53 

26 

90 

57 

5 . 

9 

55.5 

1 

16 

03.  0 

26.5 

3 

80 

48 

28 

94 

49 

5 . 

12 

1 

24 

58.0 

1 

15 

59.5 

26.2 

4 

66 

44 

29 

79 

38 

5 . 

15 

1 

25 

00.2 

55.  7 

22.9 

5 

70 

33 

30 

86 

41 

7 . 

30 

18.3 

36.  3 

17.6 

6 

83 

32 

31 

89 

43 

7 . 

Aug.  1 

21.9 

34.3 

18.4 

7 

68 

45 

Sept.  4 

73 

35 

7 . 

2 

25.3 

34.5 

20.3 

8 

74 

33 

5 

76 

25 

7 . 

6 

28.5 

28.0 

16.  1 

9 

72 

49 

6 

73 

35 

7 . 

7 

29.  8 

26.3 

14.5 

10 

77 

32 

7? 

75 

23 

9 . 

18 

54.  0 

14.8 

09.7 

11 

84 

49 

8? 

80 

28 

9 . 

19 

1 

25 

57.9 

12.  7 

10.  7 

12 

88 

54 

12? 

62 

37 

9 . 

29 

1 

26 

22.  9 

00.8 

12.  8 

13 

88 

45 

15 

72 

33 

9 . 

30 

25.1 

1 

15 

00.  3 

13.6 

14 

88 

34 

16 

77 

26 

9 . 

31 

20.2 

I 

14 

58.  4 

14.  6 

15 

83 

53 

17 

73 

30 

10 . 

Sept.  4. 3 

41.  4 

58.4 

20.2 

16 

72 

60 

20 

71 

32 

10 . 

5 

39.  2 

53.  6 

30 

80 

49 

21 

65 

30 

10 . 

6 

45.6 

57.  6 

22.9 

31 

66 

49 

22 

79 

30 

10 . 

7.  04 

1 

26 

48.2 

57.2 

23.  8 

Aug.  1 

72 

44 

23 

69 

34 

11 . 

15.  13 

1 

27 

12. 1 

50.4 

36.  1 

2 

86 

35 

24 

50 

29 

11 . 

17.  34 

24.  2 

54.5 

47.  0 

3 

87 

39 

25 

51 

29 

12  . 

21 

39.8 

1 

14 

57.8 

0 

06 

55.  2 

4 

95 

53 

26 

47 

24 

12 . 

22 

1 

27 

44.  9 

1 

15 

00.3 

0 

07 

01.  6 

5 

76 

62 

27 

47 

19 

12 . 

28.  04 

1 

28 

20.2 

1 

15 

12.3 

0 

07 

18.  6 

6 

86 

50 

28 

49 

14 

7 

91 

60 

29 

49 

17 

8 

94 

56 

Station. 

Date. 

Mean  time 
chr.  1319, 
Negus  &  Co. 
Slow. 

Sidereal 
chr.  1513, 
Negus  &  Co. 
Slow. 

Sidereal 
chr.  235, 
Bond  &  Son. 
Fast. 

Date. 

Air  temper¬ 
atures. 

Date. 

Air  temper¬ 
atures. 

Max. 

Min. 

Max. 

Min. 

1874. 

ft.  m.  s. 

ft.  m.  s. 

h.  m.  s. 

1874. 

o 

o 

1874. 

o 

o 

No.  13 . 

J  uly  5.  3 

2  08  00. 9 

1  47  40.1 

9  55  47. 9 

July  6 

98 

60 

Julv  25 

85 

46 

13  . 

8.3 

08.6 

40.  e 

47.  4 

7 

101 

60 

30 

84 

50 

14 . 

10.2 

12.  5 

41.0 

48.8 

8 

101 

45 

31 

84 

48 

14 . 

10.  8 

12.6 

41.  5 

49.7 

11 

98 

44 

Aug.  1 

84 

49 

14 . 

12.4 

14.9 

41.  9 

49.8 

12 

98 

51 

2 

80 

48 

15 . 

15.  4 

16.5 

39.8 

51.  8 

16 

93 

50 

8 

79 

54 

15  . 

20.  35 

20.2 

37.  7 

54.4 

17 

92 

57 

9 

85 

49 

16 . 

22.2 

23.8 

39.  0 

.........  .  . 

18 

89 

54 

10 

85 

50 

16 . 

25.4 

26.0 

33.8 

45.0 

19 

88 

37 

14 

76 

45 

17 . 

29.  0 

29.5 

36.5 

45.8 

22 

87 

38 

15 

77 

36 

17  . 

Aug.  2 

35.  3 

31.3 

50.3 

23 

89 

50 

16 

77 

33 

Depot  Camp . 

4 

36.2 

29.3 

53.2 

24 

69 

56 

Sept.  3 

105 

55 

No.  18  . 

8 

37.3 

24.  1 

58.  1 

19 . 

13. 55 

2  08  44. 2 

21.  3 

9  55  58. 8 

20 . 

18.  4 

16.  8 

20 . 

25.  1 

11.  7 

Sweet-grass  Hills. . . 

Sept.  1.4 

1  47  05.  4 

S 
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Table  II. 

Daily  rates. 


Dates. 

Mean  time 
chr.  1319, 
Negus  &  Go. 

Sidereal 
chr.  1481, 
Negus  &  Co. 

Sidereal 
chr.  2;5, 
Bond  &  Son. 

Traveling 
or  sta¬ 
tionary. 

Dates. 

Mean  time 
chr.  1319, 
Negus  &  Co. 

Sidereal 
chr.  1513, 
Negus  &,  Co 

Sidereal 
chr.  235, 
Bond  &  Son. 

Traveling 
or  sta¬ 
tionary. 

1873. 

8. 

s. 

s. 

1874. 

8. 

8. 

8. 

June  2  to  8.. 

1.  3  losing 

1.  4  gaining 

S. 

July  5. 3  to 

2.  6  losing 

0. 2  losing 

0.  2  losing 

S. 

June  8  to  12. 

1.7  losing 

0.  3  gaining 

0. 3  losing . 

T. 

8.  3. 

16. 

July  8.3  to 

2. 0  losing . 

0.  2  losing 

J).  7 gaining 

T. 

June  12. 16 

2.  3  losing  . 

0.  9  gaining 

0. 5  gaining 

S. 

10.2. 

to  17. 17. 

July  10. 2  to 

1. 1  losing . 

0.  4  losing 

0.  5  gaining 

S. 

Jud  6  17.17 

1.  6  losing . 

1.  3  gaining 

T. 

12.  4. 

to  26. 

J  nly  12. 4  to 

0.  5  losing . 

0. 7  gaining 

0.  7  gaining 

T. 

June  17. 17 

0. 3  gaining 

T. 

15.  4. 

to  29. 

July  15.  4  to 

0. 8  losing  . 

0. 4  gaining 

0. 5  gaining 

S. 

June  26  to 

1.  2  losing 

0.  9  gaining 

. 

.  S. 

20.  35. 

July  15. 

July  20. 35 

1.  9  losing . 

0.  7  losing 

T. 

0.  9  gaining 

S. 

to  22.  2. 

July  15. 

July  22. 2  to 

0.  7  losing . 

0.  0 . 

. 

S. 

July  15  to  30. 

1. 2  losing  . 

1.  3  gaining 

0.  4  gaining 

T. 

25.  4. 

July  30  to 

1.  4  losing . 

1.3  gaining 

0.  4  gaining 

S. 

July  25.  4  to 

1.  0  losing . 

0.  6  gaining 

0.0 . 

T. 

Auf.  7. 

29. 

Aug.  7  to  18. 

2. 2  losiDg 

1. 1  gaining 

0.  4  gaining 

T. 

J u)y  29  to 

1. 6  losing . 

1. 3  gaining 

1. 1  gaining 

S. 

Aug.  18  to  31. 

2. 5  losing 

1.  3  gaining 

0. 4  losing . 

S. 

Aug.  2. 

Aug.  31  to 

3.  5  losing . 

0.  0  gaining 

1. 3  losing 

T. 

Aug.  2  to  4  . . 

0.  5  losing . 

1.  0  gaining 

1.  5  gaining 

T. 

Sept.  4.  3. 

Aug.  4  to  8  .. 

0.  3  losing . 

1.3  gaining 

1 . 3  gaining 

T. 

Sept.  4.  3  to 

2.  5  losing . 

0.  4  gaining 

1. 3  losing . 

S. 

Ang.  8  to 

1.2  losing- 

0.  5  gaining 

0.0 . 

T. 

7.  04. 

13.  55. 

Sept.  7.  04  to 

3.  0  losing . 

0.  8  gaining 

1. 5  losing  . 

T. 

Aug.  13. 55 

0. 9  gaining 

T. 

15. 13. 

to  18.  4. 

Sept.  15. 13 

4.  9  losing 

S. 

Aug.  18.  4  to 

0. 8  gaining 

S. 

to  17.  34. 

25.  1. 

Sept.  17.34 

4.  3  losing  . 

0.  8  losing . 

2.  2  losing . 

T. 

Aug.  25. 1  to 

......  ...... 

0.  9  gaining 

T. 

to  21. 

Sept.  1.  4. 

Sept.  21  to 

5.  9  losing . 

2. 1  losing . 

2.  8  losing  . 

S. 

28.  04. 

June  2  to 

1.  7  losing 

1. 1  gaining 

T.  and  S. 

July  5.  3  to 

1. 1  losing  . 

0. 5  gaining 

0. 3  gaining 

T.  andS. 

Aug.  31. 

Aug.  13.55. 

T.  and  S. 

0. 6  gaining 

Aug.  31. 

Sept.  1.  4. 

June  8  to 

2. 3  losing 

0.  7  gaining 

0. 3  losing 

T.  and  S. 

Sept.  28.  04. 

Aug.  31  to 

4. 2  losing 

0. 5  losing  . 

2.  3  losing . 

T.  and  S. 

Sept.  28.  04. 

Sept.  15. 13 

5. 3  losing . 

1.  7  losing . 

3. 2  losing . 

T.  and  S. 

to  28.  04. 

Dates. 

Mean  time 
chr.  1455, 
Negus  &  Co. 

Traveling 
or  sta¬ 
tionary. 

1873. 

s. 

June  14  to  July  4  . . . 

0.  45  gaining. 

T.  and  S. 

July  4  to  22 . 

1.  0  losing  . . 

T.  and  S. 

July  22  to  Sept.  1. . . 

3.  9  losing  .. 

T.  and  S. 

Sept.  1  to  15 . 

3.  3  losing  . . 

T.  and  S. 

Sept.  15  to  30 . . 

2.  3  losing  . . 

T.  and  S. 

Nov.  6  to  Dec.  5 . 

6.  0  losing  . . 

T.  and  S. 

Dec.  5  to  9 . 

5.  3  losing  . . 

T.  and  S. 

Dec.  9  to  12 . 

3. 1  losing  .. 

T.  and  S. 

Dec.  12  to  19 . 

5.  1  losing  .. 

T.  and  S. 

Dec.  19  to  20 . 

6.  7  losing  . . 

T.  and  S. 

Dec.  20  to  Jan.  17 _ 

7. 1  losing  .. 

T.  and  S. 

TOUT  PEMBINA. 

Month. 

Temperature. 

Mean. 

Max. 

Min. 

1873-’74. 
November  .. 
December. . . 
January  .... 

0 

15.65 
6.76 
-  3.17 

0 

45 

35 

37 

o 

-25 

-27 

-44 
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Table  III. 

Weekly  rates,  1S73. 


No.  of  chronometer. 


1319 . 

1481 . 


235 . 

Temperatures : 

Maximum . 

Minimum . 


s. 

-9.3 

+8.8 


a 

a 


s. 

-14.2 
+  1.9 

-  2.7 


June  16  to  23. 

June  23  to  30. 

Juno  30  to 

J  uly  7. 

July  7  to  14. 

July  28  to  Au¬ 

gust  4. 

T-H 

1“ 4 

o 

-4-3 

60 

p 

tc 

p 

< 

CD 

T— 1 

o 

rH 

-435 

60 

P 

tJO 

p 

August  8to  25. 

s. 

s. 

s. 

s. 

s. 

8. 

8. 

8. 

-11.5 

-10.7 

-11.6 

-7.3 

-11.0 

-11.7 

-15.  4 

-18.9 

+11.2 

+  9.4 

+  3.3 

+9.4 

+  6.7 

+  9.3 

+  7.5 

+  8.8 

(1C- 

-30) 

+5.9 

+  5.9 

+3.0 

+  0.1 

+  5.5 

+  4.3 

-  2.3 

o 

o 

o 

o 

o 

o 

o 

o 

88 

77 

86 

88 

95 

95 

89 

86 

55 

47 

32 

32 

35 

40 

48 

27 

No.  of  chronometer. 


1319 . 

1481 . 

235 . 

Temperatures : 

Maximum . 

Minimum . 


«  is 

3§ 

P  © 


s. 

-14.4 
+  7*2 
-3.6 
o 
94 
38 


,0  00 
g  O 

-4-5 

p4 

© 

GG 


— 12. 5 
+  2.0 
-  9.0 
o 
76 
25 


tH 

a  o 

<D 

P. 

<D 

02 


-31.7 
+  5.3 
-11.3 
o 
73 
33 


8  ; 
.s' 

c. 

© 

m 


8. 

-33.3 
-  9.2 
-25.7 
o 
79 
26 


-O 

a? 

©  4L 

-4-1 

Ph 

© 

m 


-51.0 

-13.9 

-31.3 

o 

79 

14 


s 


-51.0 

-13.9 

-31.3 


fc»  00 
O' 

-*3  +4 
oo  d 

©  f-t 


o 


-  7.3 
+11. 2 
+  5.9 


is 

5 


43.7 

25.1 

37.2 


£  § 
is  g.: 
'c  B ' 

-435  © 

cc  r 
© 

d  ©  ' 
®  P 
►->  © 
o 


17.  7 
9.  3 
14.4 


Weekly  rates ,  1874. 


No.  of  chronometer. 

July  5  to  12. 

July  12  to  19. 

July  19  to  26. 

July  26  to  Au¬ 
gust  2. 

August  2  to  9. 

August  9  to  16. 

c6 

a 

o 

+3 

cc 

rH 

-433 

60 

P 

W) 

P 

© 

CO 

o 

-4-5 

CO 

Oi 

-435 

00 

p 

tfl 

p 

<1 

Least  weekly 
rates. 

Greatestweek¬ 
ly  rates. 

Difference. 

Greatest  differ¬ 
ence  between 
consecutive 
woeks. 

8. 

8. 

8. 

8. 

s. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

1319 . 

-13.8 

-4.7 

-7.  1 

-9.2 

-2.3 

-9.  6 

-13.8 

-2.  3 

11.5 

9.  1 

1513 . 

-  1.8 

+3.5 

+0.8 

+6.2 

+7.7 

+4.6 

4-5.6 

+6.0 

-  1.8 

+7.7 

9.5 

3.  1 

235 . 

+  1.9 

4-3.9 

—0.  4 

+7.4 

4-5.9 

4-6.4 

+8.9 

+2.1 

-  0.4 

+8.9 

9.3 

7.8 

Temperatures : 

o 

o 

o 

o 

o 

o 

101 

98 

89 

84 

85 

44 

50 

57 

48 

48 

33 

Note. — Tho  sign  +  indicates  a  gaining,  and  —  a  losing  rate. 
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Table  IV. 

Relative  Longitudes  of  Stations ,  by  Chronometers  from  Fort  Pembina ,  and  by  Chain  from 

Station  No.  1. 


Station. 

Date. 

Correction  to  local  time. 

West  of  preced¬ 

ing  station  by 
chronometer. 

Longitude  -west  of 
Washington. 

Mean  time 
chr.  1319, 
Negus  &  Co. 

Sidereal 
chr.  1481, 
Negus  &  Co. 

Sidereal 
chr.  235, 
Rond  &  Son. 

By  chro¬ 
nometer 
from  Fort 
Pembina. 

By  chain 
from  Stat’n 
No.  1. 

1873. 

m.  s. 

« 

m.  s. 

h.  TO.  s. 

Fort  Pembina  (flag-staff) 

June  2 

+  3  25.  9 

-  4  04.  39 

^LongitudeofS 

tation  No.  1 

bytelegrapb 

1  20  43  04'', 

8 

+  3  33.  8 

-  4  12.79 

V  Longitude  of  F 

ort  Pern  bin 

a  flag-staff 

1  20  42.77  / 

Graining  t.  4 

m.  s. 

10 

+  1  50.  4 

—  5  59.  95 

1  46.33 

1  44.  36 

h.  TO.  s. 

Pates  as  at  Fort 

Pembina. 

h.  TO.  s. 

M.  1  45.35 

1  22  28. 12 

1  22  29.  29 

+  0  34.5 

—  7  20.  88 

1  18.75 

12. 16 

-  1  17  06. 78 

1  18.13 

17.17 

+  46.5 

-  7  26. 09 

-  1  17  09.  34 

Gaining  0.  51 

M.  1  18.44 

1  23  46.  56 

1  23  49.  81 

2  35.  7 

11  14. 1 

3  43.  30 

30 

-  1  20  54.14 

3  39.  09 

July  15 

-  2  12.  6 

-  11  31.  36 

-  1  21  04.  21 

3  38.26 

M.  3  40.  22 

1  27  26.  78 

1  27  27.  08 

TJ.  S.  Station  No.  7 . 

July  30 

-  12  05.  5 

-  22  03.  48 

-  1  31  22.  24 

10  12.88 

Aug.  7 

-  11  54.  0 

-  22  13.  58 

-  1  31  25.  30 

10  18.  47 

10  07.  98 

Kate  .  . . 

H.  10  13.  11 

1  37  39.  89 

1  37  39.  80 

IT.  S  Station  No.  9 . 

Aug.  18 

-  18  21.2 

-  29  17.  595 

-  1  38  22.  69 

6  44. 14 

30 

-  17  50. 1 

-  29  32.  103 

-  1  38  18.  77 

6  50.  16 

6  53.  21 

M.  6  49.  17 

1  44  29.  06 

1  44  32.  36 

IT.  S.  Station  No.  10 - 

Sept.  4. 3 

-  21  10.8 

-  33  1 1.  52 

-  1  41  49.  65 

3  35.  07 

7.04 

-  21  04.  0 

-  33  12.  67 

-  1  41  46.06 

3  33.01 

3  32.  63 

M.  3  33.  57 

1  48  02.  63 

1  48  09.  88 

IT.  S.  Station,  No.  11 . 

Sept.  15. 13 

-  25  06.  5 

-  37  46.  656 

-  1  46  00.  946 

4  23.  28 

17.34 

-  24  54.  36 

-  37  42.  5 

-  1  45  50.  05 

4  30.  GO 

4  25.  49 

M.  4  26.  46 

1  52  29.  09 

1  52  37.  04 

Sept.  21 

28  39.  0 

—  41  40.  084 

-  1  *49  4*2.  696 

4  05.  40 

4  04.  47 

Sid.  chr.  1513, 

4  10.69 

Negus  &  Co. 

M.  4  06.  85 

1  56  35. 94 

1  56  37.  9 

IT.  S.  Station  No.  13*.... 

July  5.3 

-  6  57. 92 

-  13  42.  70 

-11  57  10.7 

8.3 

+  7  05.  C9 

-  13  42.  00 

-11  57  10.25 

2  01  22.  82 

IT.  S.  Station  No.  14 - 

July  10.2 

+  °3  52.  7 

-  16  59.  26 

-12  00  29.06 

3  18.  45 

12.  4 

+  3  55. 1 

-  16  58.  37 

-12  00  30.  05 

3  17.  70 

3  19.  10 

M.  3  18.  42 

2  04  41.24 

2  04  40.  22 

U.  S.  Station  No.  15 . 

July  15.  4 

-  46. 4 

-  21  44.  28 

-12  05  15.9 

4  45.55 

20.35 

-  42. 67 

-  21  46.  4 

-12  05  18.  48 

4  47. 12 

4  44.  50 

Rate . 

Losing  0. 75 

Gaining  0.  43 

Gaining  0. 52 

M.  4  45.  72 

2  09  26.  96 

2  09  24. 12 

IT.  S.  Station  No.  16 - 

0  uly  22 . 2 

-  3  43.  4 

-  24  49.  88 

I  -.-r  C 

3  02.  62 

25.  4 

-  3  41. 23 

-  24  50. 16 

3  02.  69 

Rate . 

Losing  0. 68 

Gaining  0.  09 

M.  3  02.  65 

2  12  29.61 

2  12  28.  91 

IT.  S.  Station  No.  17 . 

Jnly  29 

-  7  39.  9 

-  28  55.  3 

-12  12  17.6 

4  01.78 

Aug.  2 

-  7  34.  1 

-  29  00.  5 

-12  12  22.  11 

4  04.  82 

M.  4  03.  30 

2  16  32.  91 

2  16  31.  77 

Depot  Camp  Sweet- 

Aug.  4 

-  '8  57.  5 

-  30  26.  9 

-12  13  49.4 

1  26.54 

grass  Hills. 

1  23.80 

1  25.01 

Rates 

as  at  Station 

No.  17. 

M.  1  25.  13 

2  17  58.  04 

2  17  56. 17 

U.  S.  Station  No.  18 . 

Aug.  8 

-  10  48.73 

-  32  24. 78 

-12  15  47.  02 

1  57.35 

1  52.68 

1  53.  10 

Rates  as  at  Sta 

lion  No.  17. 

1  54.38 

U.  S.  Station  No.  19 . 

Aug.  13.  2 

-  14  33. 1 

-  36  19.  04 

-12  19  39.7 

M.  3  52.  55 

3  47.50 

3  46.  82 

M.  3  43.  96 

2  23  41.  38 

2  23  41.  28 

Sept.  1.  4 

—  30  49.  4 

2  17  56.  54 

2  17  54.  67 

Hills. 

U.  S.  Station  No.  20 . 

Aug.  18.  4 

1  No  compari-  ( 

-  40  04.  47 

?  No  compari-  ? 

25.  1 

j  sou.  \ 

-  40  09.  2 

>  son.  S 

Kate . 

Gaining  0.  700 

2  27  21.49 

2  27  20.  92 

'Initial  station  for  chronometer  longitudes  1874. 


REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  A. 


327 


Table  V. 


1873. 

1874. 

1 

h.  m.  s. 

1  20  42.  77 

1  22  23.  79 

1  23  47.  91 

1  27  26.  93 

1  37  43.  34 

1  44  34.  35 

1  48  05.  40 

1  52  23.  57 

1  56  15.  55 

h.  in.  s. 

2  01  22.82 

2  04  39.  57 

2  09  24.  59 

2  12  27.  51 

2  16  30. 1-6 

2  17  56.86 

2  19  53.  00 

2  23  44. 23 

2  17  55.  36 

2  27  18.  66 

Chronometer-longitude,  Station  No.  2 . 

No.  3 . 

No.  5 . 

No.  7 . 

No.  9 . 

No.  10 . 

No.  11 . 

No.  12 . 

Chronometer-longitude,  Station  No.  11 . 

No.  15 . 

No.  16 . 

No.  17 . 

Depot  Camp . 

Station  No.  18 . 

No.  19 . 

Camp,  September  1.4 
Station  No.  20 . 

Note. — Results  obtained  by  using  uniform  rates  for  the  seasons. 

JAMES  F.  GREGORY, 

Captain  of  Engineers. 
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UNITED 


REPORT  OF  FIRST  LIEUT.  F.  V.  GREENE, 

STATES  ENGINEERS. 


United  States  Northern  Boundary  Commission, 

Washington ,  D.  C.,  June  30,  1876. 

Sir:  I  have  the  honor  to  submit  herewith  the  following  report  of  the 
work  done  under  my  charge,  upon  the  survey  of  the  boundary-line  of  the 
United  States,  from  the  Lake  of  the  Woods  to  the  Rocky  Mountains. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

F.  Y.  GREENE, 

First  Lieutenant  of  Engineers. 

Capt,  Wm.  J.  Twining, 

United  States  Engineers ,  Chief  Astronomer 


PRELIMINARY. 

By  Special  Orders  No.  131,  War  Department,  Adjutant-General’s  Office, 
June  7,  1872,  I  was  “ detailed  for  duty  upon  the  joint  commission  for  the 
survey  of  the  boundary-line  along  the  forty-ninth  parallel,  in  accordance 
with  the  act  of  Congress  approved  March  19,  1872,”  and  was  directed  to 
report  in  person  to  the  Adjutant- General.  By  letter  of  July  2,  1872,  that 
officer  directed  me  to  report  to  the  Department  of  State,  which  I  did,  by 
letter,  on  the  3d  of  July,  and  in  reply  received  a  letter,  dated  6th  July, 
1872,  from  Charles  Hale,  Acting  Secretary  of  State,  directing  me  to  report 
to  Maj.  F.  U.  Farquliar,  Corps  of  Engineers,  then  Chief  Astronomer  of  the 
Commission.  I  did  so  on  the  same  day,  and  have  since  been  continuously 
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on  duty  with  the  Commission,  and  under  the  orders  of  the  Chief  Astrono¬ 
mer. 

The  portion  of  the  survey  intrusted  to  me  in  the  field  comprised  the 
immediate  charge  and  direction  of  the  parties  engaged  upon  geodetic  and 
topographical  operations,  and  the  making  of  reconnaissance-surveys  of  all 
routes  passed  over  by  these  parties,  outside  of  the  belt  of  more  accurate 
surveys.  The  geodetic  work  was  that  necessary  to  establish  and  mark  the 
forty-ninth  parallel  between  adjacent  astronomical  stations;  the  topograph¬ 
ical  work  was  to  survey  a  belt  not  less  than  five  miles  in  width,  on  the 
United  States  side  of  the  boundary.  In  the  office,  I  have  had  the  immediate 
charge,  under  your  general  supervision,  of  the  preparation  of  all  the  maps 
of  the  Commission. 

Before  describing  these  operations  in  detail,  I  deem  it  proper  to  give  a 
short  narrative  of  the  various  seasons’  work.  This,  however,  will  be  limited 
to  the  most  concise  statement  of  the  movements  of  my  parties,  and  will  not 
include  any  description  of  the  country,  or  account  of  the  many  details 
which  make  up  “plains  experience,”  such  as  means  of  supply,  lack  of  wood 
and  water,  troubles  from  prairie-fires,  hail  and  snow  storms,  &c.  Although 
habitually  separated  from  the  parties  of  other  officers,  and  acting  under 
general  instructions  only,  yet,  on  the  whole,  I  passed  over  nearly  the  same 
ground  as  yourself  and  Captain  Gregory,  whose  experiences  were  also 
about  the  same  as  my  own,  and  whose  reports,  doubtless,  give  complete 
information  on  these  points.  I  shall,  however,  subsequently  speak  more  in 
detail  of  the  monument  on  the  summit  of  the  Rocky  Mountains,  and  of  the 
swamps  of  the  Roseau  country,  as  I  was  the  only  officer  of  the  United 
States  Commission  who  visited  those  localities. 

SEASON  OF  1872. 

By  direction  of  Maj.  F.  U.  Farquhar,  then  Chief  Astronomer  of  the 
Commission,  I  left  Washington  on  the  1st  of  August,  for  Pembina,  Dak., 
charged  with  the  safe  transportation  of  all  the  instruments  for  the  survey, 
contained  in  thirty-two  boxes.  Mr.  Lewis  Boss,  assistant  astronomer, 
accompanied  me.  Our  route  was  via  New  York  and  Buffalo,  by  steamer 
through  the  lakes  to  Duluth,  and  thence  to  Pembina  by  rail  and  boat.  We 


REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  B.  333 

arrived  at  Fort  Pembina  on  the  17th  of  August,  with  the  instruments  in 
good  order,  and  began  observations  with  the  sextant  and  chronometers  to 
establish  an  approximate  latitude  and  longitude  for  the  initial  point  of  the 
survey.  The  rest  of  the  commission  arrived  overland  on  the  5th  of  Septem¬ 
ber,  and  the  regular  work  of  the  season  was  then  begun.  While  encamped 
on  the  Red  River,  I  made  a  topographical  survey  with  theodolite  and  chain 
of  the  Red  River,  from  the  boundary-line  to  a  point  five  and  a  half  miles 
south  of  it.  This  was  done  under  Captain  Gregory’s  direction,  between 
the  10th  and  20th  of  September.  On  the  departure  of  the  commissioner 
and  other  officers  of  the  commission  for  the  Lake  of  the  Woods,  October  2, 
I  was  left  at  Pembina  with  a  party  of  twenty-five  men,  with  instructions 
from  Major  Farquhar  to  trace  a  tangent  line  eastward  until  I  met  a  British 
party  coming  west.  By  the  6th  of  November  I  had  reached  the  Roseau 
River,  thirty-three  miles  from  Pembina,  without  seeing  any  signs  of  a  Brit¬ 
ish  party,  and  on  the  9th  I  received  an  order  from  Major  Farquhar  to  return 
at  once  to  Pembina.  There  I  reported  to  Captain  Gregory,  and  returned 
to  the  States  with  him.  In  the  office  at  Detroit,  during  the  winter  of  1872- 
’73,  the  topographical  work  of  the  summer  was  plotted  and  drawn. 

SEASON  OF  1873. 

The  organization  for  this  year  comprised  a  tangent  party  and  two 
topographical  parties,  under  Mr.  F.  Von  Sclwader  (succeeded  in  September 
by  Mr.  C.  L.  Doolittle)  and  Mr.  .A.  Downing,  in  all  about  fifty  men.  Mr. 
L.  Chauvenet  acted  as  recorder  and  computer  for  azimuth  observations, 
and,  owing  to  the  pressure  of  topographical  work,  a  stadia  party  was  organ¬ 
ized  for  him.  From  September  1  to  October  13  I  was  accompanied  by  an 
escort  of  twenty-five  cavalry -men  under  command  of  Lieut,  R.  H.  L.  Alex¬ 
ander,  Seventh  Cavalry.  We  began  work  at  Pembina  on  the  8th  of  June, 
and  continued  it  without  interruption  until  the  3d  of  October;  over  two 
weeks  (9th  to  25th  August)  having  been  devoted  to  cutting  a  sight-line  in 
Turtle  Mountain.  On  the  3d  of  October  we  were  at  the  British  astronom¬ 
ical  station,  three  hundred  and  eighty-four  miles  from  Pembina,  with  the 
geodetic  and  topographical  work  completed  up  to  that  point.  The  lateness 
of  the  season  and  scantiness  of  supplies  on  hand  precluded  the  idea  of 
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finishing  the  topography  of  the  twenty-four  miles  intervening  between  us 
and  Captain  Gregory’s  most  westerly  station,  and  on  the  4th  of  October  I 
turned  eastward.  At  the  supply  depot  on  the  Mouse  River  I  found,  Octo¬ 
ber  13,  your  letter  directing  me  to  follow  on  to  Fort  Totten.  1  took  a  route 
along  the  Mouse  River  on  its  southern  bend,  in  order  to  make  a  reconnais¬ 
sance  of  its  course.  Leaving  this  river  after  it  had  turned  to  the  north,  I 
struck  eastwardly,  across  the  burnt  prairies  and  salt  lakes,  for  Fort  Totten, 
reaching  that  post  October  22.  On  the  24th,  yourself  and  the  astronomical 
parties  left  for  Fort  Seward  and  the  States,  and  on  the  25tli  I  left  for  Fort 
Pembina,  under  your  instructions,  to  complete  the  survey  of  the  boundary 
between  the  Lake  of  the  Woods  and  Red  River.  During  the  winter,  Mr. 
0.  S.  Wilson  was  assigned  to  me  as  recorder  and  computer,  in  place  of  Mr. 
Chauvenet.  A  full  account  of  this  winter’s  work  will  be  given  in  another 
place. 

We  reached  Fort  Pembina  on  the  29th  of  October,  and  returned  there, 
on  the  completion  of  the  survey,  on  the  5th  of  February,  1874.  About 
half  of  the  men  were  discharged  here,  and  with  the  balance  I  marched  to 
Breckenridge,  and  there  took  the  cars  to  Saint  Paul,  where  the  parties  were 
disbanded  on  the  16th  February.  On  the  20th  of  February  I  reported  to 
you  in  the  office  at  Detroit,  with  my  assistants  and  records. 

Before  leaving  Pembina  I  sent  F oreman  Kennedy,  with  three  men  and 
two  dog-sleds,  to  Turtle  Mountain,  to  construct  the  mounds  which  we  had 
been  obliged  to  leave  unbuilt  during  the  summer,  the  British  cutting  not 
being  completed  until  October  5.  They  performed  this  service,  and  reached 
Saint  Paul  March  5. 

The  office- work,  at  Detroit,  was  continued  from  March  1  to  June  1, 
1874.  Mr.  Doolittle  and  Mr.  Wilson  were  engaged  in  adjusting  the  stadia¬ 
lines  ;  Mr.  E.  Mahlo  and  Mr.  V.  T.  McGillycuddy  in  plotting  and  draught¬ 
ing.  Mr.  Downing  was  obliged  by  private  business  to  leave  the  survey  from 
March  to  November,  1874.  During  our  absence  in  the  field  the  following 
summer  Mr.  Mahlo  was  left  in  the  office  engaged  in  draughting. 
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The  organization  for  this  year  comprised  a  tangent-party,  three  topo¬ 
graphical  parties,  under  Messrs.  Doolittle,  McGillycuddy,  and  Wilson  (in 
addition  to  the  latter’s  duties  as  recorder),  and  a  party  of  mound-builders — 
in  all,  counting  scouts  and  teamsters,  about  seventy  men.  Mr.  B.  Vitztlmm 
was  attached  to  my  party  as  draughtsman.  The  escort,  under  command  of 
Capt,  E.  R,  Ames,  consisted  of  Companies  E  and  I,  Sixth  Infantry,  and 
twelve  Indian  scouts.  The  greater  part  of  E  Company  was  detached  Au¬ 
gust  1.  The  various  working-parties  and  their  escorts  left  Fort  Buford  on 
the  21st  of  July,  following  the  Benton  trail  up  the  Missouri.  On  the  26th 
my  parties  and  escort  left  the  main  column  near  the  mouth  of  Poplar  River 
and  struck  northward  along  that  stream.  At  the  principal  forks  I  detached 
Messrs.  Doolittle  and  McGillycuddy,  with  their  parties  and  a  small  escort, 
to  follow  and  reconnoiter  the  west  fork,  myself,  with  the  other  parties,  fol¬ 
lowing  the  east  fork.  The  east  fork  brought  us,  June  29,  to  Lieutenant  Gal- 
wey’s  station,  where  we  had  concluded  work  in  1873,  and  the  next  day  I 
moved  on  to  Captain  Gregory’s  station  on  the  west  fork,  where  Mr.  Doolittle 
arrived  the  day  after. 

On  the  1st  of  July  the  regular  work  of  the  season  was  begun  at  four 
hundred  and  eight  miles  from  Pembina  (the  topography  at  three  hundred 
and  eighty-four  miles)  and  it  was  carried  on  without  interruption  until  Au¬ 
gust  18,  when  I  arrived  at  your  camp  on  Chief  Mountain  Lake  in  the  Rocky 
Mountains,  seven  hundred  and  fifty-eight  miles  from  Pembina;  the  geodetic 
work  was  completed  to  that  point,  and  the  topographical  and  mound  parties 
were  a  short  distance  behind. 

The  country  beyond  being  impracticable  for  wagons,  you  directed  me 
to  fit  out  a  pack-train,  in  order  to  reach  the  monument  placed  on  the  summit 
of  the  Rocky  Mountains  by  the  Northwest  Boundary  Commission  in  1860. 
We  left  Chief  Mountain  Lake  on  the  20th,  and  reached  Akamina  Station, 
near  the  summit,  on  the  23d,  the  distance  being  over  forty  miles  by  the 
trail,  although  only  seven  in  a  direct  line.  Mr.  Wilson  carried  a  stadia-line 
from  Chief  Mountain  Lake  over  the  divide,  by  the  Kootenay  Pass,  and 
connected  it  on  known  points  of  the  British  traverse  carried  along  the 
Kishenehn  Valley  to  Akamina  Station,  in  1860.  This  connected  the  sum- 
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mit-monument  with  that  on  Chief  Mountain  Lake.  After  completing  the 
triangulation  about  the  summit  I  returned  to  Chief  Mountain  Lake,  August 
28,  and  devoted  the  following  day  to  locating  the  peaks  in  the  neighbor¬ 
hood.  August  30  we  began  the  return  march,  and  reached  the  supply- 
depot  at  the  Sweetgrass  Hills  September  2.  Here  my  escort  was  relieved. 
On  the  31st  of  August,  at  the  British  Astronomical  Station  near  Chief 
Mountain,  I  met  Mr.  Doolittle,  and  joining  to  his  party  that  of  the  mound- 
builders,  making  their  total  strength  about  twenty  men,  I  directed  him  to 
follow  and  reconnoiter  the  “  Riplinger  Road,”  skirting  the  base  of  the 
mountains,  to  the  Blackfoot  agency  on  the  Teton  River ;  thence  to  march 
to  Benton,  via  Fort  Shaw.  He  reached  Fort  Benton,  without  accident,  on 
the  9th  of  September.  I  picked  up  Mr.  McGillycuddy’s  party  at  the  Sweet- 
grass  Hills,  and  with  it  and  the  tangent-party,  about  thirty  men  in  all,  I 
started,  September  4,  due  south,  through  the  Piegan  and  Blackfoot  country, 
for  Fort  Shaw,  arriving  there  September  8.  The  object  of  taking  this  route 
was  to  reconnoiter  the  country,  and,  principally,  to  run  a  meridian-line  to 
Fort  Shaw  for  longitude  purposes.  This  line  was  traced  partly  by  Mr. 
Wilson  and  partly  by  myself.  From  Fort  Shaw  we  marched  to  Fort  Ben¬ 
ton,  where  I  reported  to  you  September  11.  The  next  day  the  whole  Com¬ 
mission  began  the  boat-journey  down  the  Missouri.  During  this  journey  I 
had  charge  of  the  survey  of  the  river,  making  the  astronomical  observations 
myself.  Messrs.  Doolittle  and  McGillycuddy  relieved  each  other  in  taking 
compass-bearings  and  sketches.  We  reached  Bismarck,  Dak.,  on  October  1. 
The  office-work  was  resumed  on  the  1st  of  November,  at  Washington,  and 
has  been  carried  on,  uninterruptedly,  to  this  date.  Messrs.  Doolittle  and 
Wilson  reduced  the  stadia-readings  and  adjusted  the  co-ordinates  of  the 
topographical-surveys  between  November  1,  1874,  and  April  1,  1875.  The 
series  of  preliminary  maps  was  finished  October  1,  1875;  photo-lithographic 
copies  were  made  of  each  sheet  as  soon  as  it  was  finished.  The  series  of 
final  maps  was  commenced  August  1,  1875,  and  finished  April  15,  1876. 
The  series  of  reconnaissance  maps  was  begun  November  1,  1874,  and  fin¬ 
ished  February  1,  1876.  Special  tracings  of  various  sheets  have  been 
made  from  time  to  time.  The  office-force  has  usually  comprised  eight 
draughtsmen. 
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You  directed  me  to  proceed  to  Fort  Shaw  and  make  certain  observa¬ 
tions  there.  I  left  Washington  June  30,  and,  proceeding  by  way  of  Salt 
Lake,  reached  Fort  Shaw  July  11.  I  remained  there  ten  days,  and  made 
an  extended  series  of  azimuth-observations  on  the  meridian-line  of  1874,  of 
latitude-observations  with  the  sextant  at  Fort  Shaw,  and  a  triangulation  to 
connect  the  meridian,  and  consequently  the  boundary-surveys,  with  Fort 
Shaw  and  the  land-surveys.  I  arrived  in  Washington,  on  my  return,  on 
September  3. 

Summary  of  field-work. 


Summer  of 

1873. 

Winter  of 

1873-’74. 

Summer  of 

1874. 

Summer  of 

1875. 

Total. 

Number  of  azimuth  stations . 

15 

8 

15 

1 

39 

Number  of  latitude  observations  (sextant) . 

14 

10 

58 

17 

99 

Number  of  time  observations  (sextant) . 

104 

34 

90 

12 

240 

Miles  of  tangent  lines . . . . 

223.3 

56. 5 

176.5 

456.  3 

Miles  of  timber  cutting. _ _ _ _ _ _ 

10.  3 

42 

52.  S 

Number  of  mouuds  built . . . . . .  ... . . . . . 

98 

56 

44 

198 

Miles  of  topographical  lines  (stadia) _ _ _ _ _ 

380 

365 

542 

1,287 

Miles  of  reconnaissance  lines  (compass) . .  . . 

250 

98 

550 

898 

Miles  of  Missouri  River  travel  and  reconnaissance . 

807 

807 

Miles  of  march  between  camps . . . . . . . 

951 

542 

1,010 

2,503 

This  seems  to  be  an  appropriate  place  to  acknowledge  my  indebted¬ 
ness  to  the  assistants  who  have  been  associated  with  me,  and  to  the  officers 
who  have  commanded  my  escorts. 

Messrs.  C.  L  Doolittle,*  0.  S.  Wilson,  and  A.  Downing,  have  been  with 
me  in  the  office  and  field  for  more  than  two  years,  including  the  winter 
campaign  in  the  swamps  around  the  Lake  of  the  Woods.  To  them  I  owe 
my  most  cordial  thanks  for  their  unremitting  labors,  the  excellent  character 
of  their  work,  and  their  cheerful  and  ready  compliance  with  all  instructions, 
involving  no  matter  what  hardship.  Mr.  F.  von  Scliraderf  was  the  principal 
topographical  assistant  in  1872  and  part  of  1873,  and  rendered  excellent 
service;  as  did  also  Dr.  V.  T.  McGillycuddy  J  in  1874.  Mr.  L.  Chauvenet 

*  Now  Professor  of  Mathematics  and  Astronomy  at  Lehigh  University,  Penn¬ 
sylvania. 

fNow  Second  Lieutenant  Twelfth  Infantry,  United  States  Army. 

|  Since  Topographer  of  the  Black  Hills  Expedition,  1875. 
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was  recorder  in  1873,  and  showed  great  aptitude  for  his  work,  although 
somewhat  embarrassed  by  lack  of  experience  and  by  ill  health. 

In  the  office,  in  addition  to  Messrs.  McGillicuddy  and  Downing,  the 
draughtsmen  have  been  Messrs.  E.  Mahlo,  A.  A.  Aguirrd,  A.  von  Haake,  A. 
Pohlers,  and  H.  S.  Hebard,  all  of  whom  rendered  good  service.  Messrs.  B. 
Vitzthum  and - Penn}r  were  also  employed  for  short  periods. 

With  the  officers  of  the  escorts  my  relations  were  always  of  the  most 
cordial  nature,  and  although  usually  superior  to  me  in  rank,  they  never 
failed  to  accede  to  my  requests  in  distributing  their  commands,  if  they  could 
do  so  without  violating  the  positive  instructions  of  their  own  superiors. 

In  1872,  Capt.  A.  A.  Harbach’s  company  of  the  Twentieth  Infantry 
remained  with  me  when  the  rest  of  the  commission  went  to  the  Northwest 
Angle.  We  met  no  Indians  in  the  short  distance  which  we  penetrated 
eastward,  but  when  we  came  to  an  impassable  swamp,  and  had  to  make  a 
quarter  of  a  mile  of  corduroy-road,  Captain  Harbach  at  once  ordered  out  his 
whole  company  to  assist  in  it. 

From  June,  1873,  to  March,  1874,  I  was  accompanied  by  an  escort  only 
during  September  and  a  part  of  October.  This  cavalry  detachment  was 
commanded  by  Lieut.  R.  H.  L.  Alexander,  since  deceased,  who  used  every 
effort  to  assist  us. 

In  1874  my  escort  was  considerably  larger,  consisting  nominally  of 
two  companies  of  infantry  and  twelve  Indian  scouts,  under  the  command 
of  Capt.  E.  R.  Ames,  Sixth  Infantry.  I  say  nominally,  because  an  officer 
and  fifteen  men  of  one  of  these  companies  were  left  at  Fort  Buford  to  escort 
the  Commissioner,  and  did  not  rejoin  their  company,  and  at  the  Sweet- 
grass  Hills,  August  1,  the  remainder  of  that  company  was  detached.  Cap¬ 
tain  Ames,  however,  did  everything  in  his  power  to  facilitate  the  work  of 
the  survey,  and  I  feel  the  more  grateful  to  him  as  his  interests  were  entirely 
opposite  to  mine.  It  was  essential  to  the  performance  of  my  work  that  the 
topographical  and  mounding  parties,  three  and  sometimes  four  in  number, 
should  carry  on  their  operations  in  rear  of  my  own  tangent  party,  and 
independently  of  each  other ;  and  as  we  were  in  the  proximity  of  Indians, 
whose  peaceful  and  honest  intentions  were  at  least  open  to  doubt,  it  was 
also  essential  that  these  parties  should  each  have  a  small  escort.  On  the 
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other  hand,  Captain  Ames  naturally  desired  to  keep  his  companies  together 
for  discipline,  supply,  and  defense.  He,  however,  yielded  to  my  requests, 
and  sent  a  detachment,  with  a  non-commissioned  officer  and  a  scout,  with 
each  party,  until  he  soon  found  his  force  reduced  to  fifteen  men,  and  the 
main  body  of  the  escort  was  over  one  hundred  miles  away,  and  its  exact 
whereabouts  unknown.  We  were  in  this  condition  on  the  18tli  of  July,  my 
parties  being  spread  out  over  a  distance  of  about  seventy-five  miles,  when, 
on  informing  Captain  Ames  of  my  intention  of  moving  ahead  the  next  day,  he 
replied  that  his  original  instructions  from  Major  Reno  were  very  positive, 
not  to  separate  himself  from  his  detachments  by  more  than  forty  miles. 
These  instructions  were  entirely  unknown  to  me,  and,  although  completely 
binding  on  Captain  Ames,  placed  me  in  a  very  disagreeable  position.  A 
large  band  of  Assiniboines  had  been  encamped,  only  a  few  days  previous, 
in  the  very  locality  where  we  then  were  (Astronomical  Station  No.  28),  and 
the  mail-rider  had  been  chased  almost  into  camp,  only  the  day  before,  by 
a  party  of  Yankton  Sioux;  so  that  I  was  taking  considerable  risk  in  going 
ahead  with  my  party  containing  only  fifteen  carbines,  and  attempting  to 
work  on  a  tangent  twenty  miles  long,  without  any  escort  in  camp.  On  the 
other  hand,  it  was  only'  by  the  utmost  exertions — often  working  for  twenty- 
two  consecutive  hours — that  I  could  keep  the  tangents  up  with  the  astron¬ 
omy^,  and  if  1  waited  a  week  for  the  detachments  to  close  up,  there  would 
be  another  one  hundred  miles  between  Captain  Gregory  and  myself.  I 
therefore  determined  to  push  on  alone,  and  after  bidding  good-byTe  to  Cap¬ 
tain  Ames  the  next  morning,  saw  no  more  of  him  for  ten  days. 

I  can  only  repeat  that  Captain  Ames  sacrificed  his  personal  inclinations, 
and  did  everything  in  his  power  to  assist  the  progress  of  the  survey,  but 
that  his  force  was  inadequate  and  his  instructions  too  circumscribed  to  have 
allowed  him  to  materially  aid  us  in  case  the  Indians,  who  hovered  about 
our  trail,  had  at  any  time  proved  troublesome.  The  question  of  the  rela¬ 
tions  between  an  officer  in  charge  of  a  surveydng-party  and  the  officer  in 
command  of  his  escort,  is  at  best  a  vexed  one,  and  particularly  so  when 
the  surveydng-officer,  who  must  necessarily^  direct  the  movements,  is  the 
junior,  and  I  am  glad  to  be  able  to  record  my  appreciation  of  the  forbear¬ 
ance  and  kindness  exhibited  by  all  the  officers  who  were  detailed  with  me. 
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On  my  journey  from  the  Sweet-grass  Hills  to  Benton  via  Fort  Shaw, 
I  was  also  without  an  escort,  my  party  numbering  twenty-five  men  and 
fifteen  carbines.  We  passed  through  the  country  of  the  Blackfeet  and 
Piegans,  and  within  a  few  miles  of  the  spot  where  the  latter  were  so  terribly 
punished  by  Major  Baker,  in  1870.  These  Indians  followed  us,  and  once 
accosted  the  men  at  the  rear  target,  but  they  did  not  molest  us  in  any  way. 

In  closing  these  acknowledgments,  I  wish  to  record  my  thanks  to  Capt. 
L.  Wheaton  and  Maj.  J.  E.  Yard,  successively  in  command,  and  Lieut.  Paul 
Harwood,  Twentieth  Infantry,  post  quartermaster  at  Fort  Pembina,  who 
during  the  summer  of  1872,  and  the  winter  of  1873  and  ’74,  constantly 
extended  favors  to  us.  And  I  particularly  wish  to  express  my  gratitude  to 
Gen.  John  Gibbon,  commanding,  and  Lieut.  J.  W.  Jacobs,  Seventh  Infantry, 
quartermaster  at  Fort  Shaw.  In  1874,  I  was  a  day  and  a  half,  and  in  1875 
ten  days,  at  their  post;  during  which  I  was  constantly  the  recipient  of  their 
private  hospitality  as  well  as  their  official  courtesy.  Being  alone  in  1875, 
I  was  entirely  dependent  on  them  for  men  and  transportation  to  assist  in 
the  work  I  had  to  do,  and  these  were  furnished  most  kindly  and  cheerfully. 

To  the  officers  at  Fort  Buford  I  am  also  indebted  for  many  favors,  but 
as  I  was  only  there  at  the  same  time  as  yourself,  your  acknowledgments 
naturally  supersede  mine. 


CHAPTER  I. 

GEODETJG  CONNECTIONS. 

The  geodetic  operations  were  those  necessary  to  establish  and  mark 
the  49th  parallel  of  north  latitude,  in  the  intervals  between  astronomical 
stations,  which  were  about  twenty  miles  apart. 

There  are  two  methods  of  tracing  a  curved  line — one  by  means  of 
chords,  and  the  other  by  tangents  and  offsets  The  latter  method  was  ex¬ 
clusively  employed  on  this  survey.  A  tangent-line  (tangent  to  prime  ver¬ 
tical  great  circle  at  initial  point)  was  prolonged  on  the  surface  of  the  earth 
from  the  meridian  of  one  astronomical  station  to  the  meridian  of  the  next, 
and  on  each  meridian  was  measured  the  distance  from  the  tangent  to  the 
astronomical  determination  of  the  parallel.  By  the  use  of  proper  geodetic 
formulae  the  relative  positions  of  the  two  stations  were  determined,  and  the 
difference  between  the  geodetic  and  astronomical  determinations,  including 
the  errors  of  both,  was  taken  as  the  “  Station-error.”  The  astronomical 
determinations  were  regarded  as  an  absolute  standard,  and  the  station-error 
was  distributed  between  the  stations  in  direct  ratio  to  the  distance.  To  fix 
intermediate  points  of  the  parallel,  meridional  offsets  were  measured  from 
the  tangent,  and  the  proportional  part  of  the  station-error  was  included  in 
these  offsets. 

The  successive  steps  in  these  operations  were: 

1.  Azimuth-observations  at  initial  point. 

2.  Tracing  the  tangent-line  on  the  ground. 

3.  Azimuth-observations  at  terminal  point. 

4.  Deducing  the  station-error  and  computing  the  offsets  for  mounds  on 
forty-ninth  parallel. 

5.  Construction  of  the  mounds. 

The  results  of  these  observations  are  given  in  full  in  the  details  of  the 
tangents. 
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1.  Azimutli-observations. — The  instrument  used  was  a  transit-theodolite, 
made  by  William  Wiirdemann,  of  Washington.  The  horizontal  limb,  eight 
inches  in  diameter,  was  divided  to  10',  and  read  to  10"  by  two  verniers; 
vertical  limb  (used  principally  as  a  finder)  was  four  inches  diameter,  divided 
to  20',  and  read  to  T  by  single  vernier.  The  spindles  of  the  instrument 
were  of  steel,  all  the  other  parts  of  brass.  There  were  three  foot-screws, 
a  circular  level  between  the  standards,  and  striding-level  for  the  axis  of  tel¬ 
escope.  All  tangent-screws  worked  against  springs,  which  was,  I  think,  a 
serious  defect.  The  telescope  was  of  one  and  one-half  inches  aperture,  and 
sixteen  inches  focal  length,  eye-piece  magnifying  twenty-five  times.  A  45° 
prism,  fitting  in  a  slot  in  front  of  the  eye-piece,  answered  the  purpose  of  a 
diagonal  eye-piece.  The  tripod  consisted  of  three  double  legs  supporting 
a  solid  block  of  wood  two  inches  thick.  This  instrument  was  mounted  in 
the  meridian  of  the  astronomical  station,  and  as  near  as  convenient  to  the 
mound  marking  the  forty-ninth  parallel.  An  approximate  azimuth  of  90° 
was  then  turned  off,  from  any  data  available,  and  on  this  direction  was 
placed  a  bull’s-eye  lantern,  firmly  fixed  to  a  small  post.  It  was  at  first  cus¬ 
tomary  to  inclose  the  lantern  in  a  box,  but  this  was  found  unnecessary,  for 
the  lantern  was  generally  at  a  distance  of  two  miles  from  the  instrument, 
and  at  that  distance  the  image  of  the  light  was  about  the  same  as  that  of  a 
second  magnitude  star.  The  true  astronomical  azimuth  of  the  direction  of 
this  lamp  was  then  observed.  The  chronometer-error  was  derived  from 
time-observations  with  the  sextant,  taken  in  the  intervals  between  azimuth- 
stars.  An  observing-list  of  these  latter  stars  was  prepared  for  each  month, 
giving  the  magnitude,  azimuth,  altitude,  and  chronometer  time  of  elongation 
for  each  star.  The  methods  of  observing  culminations  above  and  below  the 
pole,  and  Polaris  at  any  hour-angle,  were  both  tried,  but  did  not  give  such 
good  results  as  a  series  of  observations  near  the  time  of  greatest  elongation. 
The  stars  most  convenient,  in  July  and  August,  were  ft  and  y,  Cephei,  and 
Polaris,  eastern  elongation,  and  ft  and  yJ,  Ursse  Minoris,  western  elongation. 
A  and  A,  Ursse  Minoris,  and  51  Cephei,  although  much  nearer  to  the  pole, 
were  not  used,  because  the  telescope  did  not  define  stars  below  the  fourth 
magnitude  with  sufficient  accuracy.  The  method  used  was  to  take  five  point- 
-  ings  on  the  mark,  then  five  on  the  star,  the  time  being  noted  for  each;  then 
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revolve  the  instrument  180°  in  azimuth,  and  take  five  more  readings  on  the 
star,  followed  by  five  on  the  mark.  To  each  reading  on  the  star  was  applied 
a  differential  azimuth-correction,  due  to  the  interval  of  time  from  elonga¬ 
tion.  The  mean  of  the  corrected  results,  with  the  mean  reading  on  the  mark, 
gave  the  result  for  that  star.  Five  stars  observed  in  this  manner,  and  in  dif¬ 
ferent  parts  of  the  divided  arc,  constituted  a  good  determination,  although 
three  were  considered  sufficient.  The  azimuth  resulting  from  each  indi¬ 
vidual  reading  was  also  computed,  and  these  were  treated  in  the  usual 
manner  (after  applying  a  collimation  correction)  to  obtain  the  probable 
error  of  the  mean.  This  varied  from  — 1—  0/7.8  to  ±4".0  at  a  station,  with  a 
mean  of  ilAS.  The  average  range  of  forty  individual  observations  was 
57".3.  With  tangent-screws  working  in  ball-and-socket  joints,  this  range 
can  probably  be  reduced  one-lialf.  Level-corrections  were  at  one  time 
applied,  but  were  soon  given  up,  in  the  belief  that  they  only  introduced 
additional  error.  The  length  of  the  striding-level  was  only  six  inches,  and 
the  value  of  one  division  over  4".  A  slight  inaccuracy  in  the  grinding  of 
the  glass  would  introduce  large  errors,  and  the  behavior  of  the  level  showed 
such  inaccuracies.  Hence  the  instrument  was  carefully  leveled  before 
each  set,  and  examined  afterward,  in  both  positions  of  the  axis.  If  it  had 
been  disturbed  in  level  during  the  observations,  they  were  rejected. 

The  following  formulae  were  employed : 

Ae  —  Azimuth  of  star  at  elongation. 

$  —  Latitude  of  station. 

'  a  —  Right  ascension  of  star. 

8  —  Declination  of  star. 

Te  —  Chronometer  time  of  elongation. 

r  —  Difference  between  observed  time  and  Te. 

p  —  Reduction  to  elongation. 

JE  —  Chronometer-error 


-f-  fast. 
—  slow. 


,  tan  <P 

cos  te  =  - - - 

tan  o 


—  east, 
-f-  west. 


te  —  Hour  angle  at  elongation  j 

Te  —  a  te  Ar  A  sin  Ae 

P 


cos  8 
cos 


2  sin2  4  r 

777  tan  Ae. 


•  -it 

sin  1 
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The  value  of 

2  sin2  A  r 
sin  1" 

is  given  in  the  usual  tables  for  “reduction  to  the  meridian.”  I  deem  it  only 
proper  to  add  that  this  method  was  derived  from  the  Coast  Survey  Manual 
by  Mr.  C.  A.  Schott,  published  in  Appendix  11  to  the  Report  for  1866. 
This  is  the  only  publication  I  know  of  in  the  English  language  where  the 
subject  of  azimuths  is  treated  at  any  length. 

2.  Tracing  the  tangent-line. — After  finding  the  true  azimuth  of  the  mark, 
it  was  a  simple  matter  to  find  a  point  of  the  prime  vertical  near  it;  the 
required  meridional  distance  being  the  tangent  of  the  angle  equal  to  270° 
or  90°  minus  the  observed  azimuth,  for  a  radius  equal  to  the  distance  from 
instrument  to  mark.  A  stout  picket  was  driven  and  the  point  of  the  tangent 
was  marked  upon  it  with  a  pencil' point;  with  this  and  the  point  of  obser¬ 
vation,  the  direction  was  established,  and  the  line  was  prolonged  to  the 
next  station.  In  1872,  with  the  idea  of  avoiding  errors  due  to  error  of 
collimation,  the  method  employed  was  that  of  two  front-sights,  i.  e.  the  two 
targets  were  always  in  front  of  the  instrument,  the  more  distant  being 
aligned  with  the  one  nearer.  This  method  was  found  to  work  very  badly 
in  practice.  A  little  reflection  will  show  that  in  passing  over  even  a  small 
hill  it  was  necessary  to  take  very  short  sights,  sometimes  as  short  as  fifty 
feet.  At  fifty  feet  an  error  of  three-hundredths  of  an  inch  subtends  an  arc 
of  2',  and  this,  at  a  mile,  gives  an  error  of  three  feet.  From  these  causes 
the  tangent  of  1872,  which  was  thirty-three  miles  in  length,  was  found  to 
have  an  azimuth  error  at  its  extremity  of  1'  44".  It  was  therefore  entirely 
rejected,  and  retraced.  After  1872  a  different  method  was  pursued,  viz, 
the  method  of  back  and  fore  sights,  collimation-errors  being  cut  out  by 
taking  the  mean  of  two  pointings  in  reversed  positions  of  the  axis.  With 
this  method  the  average  azimuth  error  at  the  terminal  points  was  28". 7. 
Into  this  determination  enter  the  local  errors  due  to  deflection  of  plumb, 
and  actual  errors  of  observation  at  both  ends  of  the  line.  If  wre  take  the 
whole  line  to  have  been  in  error  by  14".3,  the  deviation  of  the  tangent,  at 
the  end  of  twenty  miles,  will  average  nine  and  a  half  feet.  This  shows  at 
once  the  superiority  of  the  method  by  back  and  fore  sights.  The  same 
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instrument  was  used  for  tracing  the  tangent  as  for  azimuth  observations, 
and  the  objects  sighted  on  were  two  targets,  one  in  front  and  one  in  rear. 
Their  shape  is  shown  in  these  drawings.  The  legs  of  the  tripod  were  fast¬ 
ened  to  a  triangular  brass  casting,  similar  to  that  used  on  theodolites,  and 
this  casting  was  firmly  attached  to  the  under  side  of  the  stand  A.  This 
stand  was  made  of  oak,  24"  long,  6"  wide,  and  1"  thick,  and  was  covered, 
on  the  upper  side  and  edges,  with  a  thin  piece  of  brass.  The  target  B  was 
of  three-eighths  of  an  inch  pine,  strengthened  with  light  iron  braces,  and 
was  fastened  to  a  slide,  C,  of  oak,  tipped  with  brass.  This  slide  embraced 
the  stand  A,  and  moved  freely  along  it,  thus  giving  a  slight  motion  to  the 
target;  and  it  could  be  clamped  in  any  position  by  the  binding-screws  D. 
Through  a  small  hole  in  the  center  of  the  target,  passed  a  cord,  from  which 
was  suspended  a  plumb-bob,  which  could  thus  be  lowered  to  the  stake 
marking  the  line. 

With  favorable  conditions  of  the  atmosphere,  these  targets  have  been 
distinctly  seen  and  aligned  at  a  distance  of  over  six  miles. 

The  rear  target  was  set  up  over  the  point  where  the  instrument  stood 
in  the  azimuth  observations.  The  instrument  was  set  up  over  the  point 
determined  near  the  mark,  and  the  front  target  sent  ahead  with  three  men 
provided  with  a  telescope — the  length  of  sight  depended  on  the  nature  of 
the  ground,  but  was  usually  about  three  miles.  The  telescope  was  pointed 
on  the  rear  target,  turned  on  its  axis,  and  the  front  target  ranged  approxi¬ 
mately  into  line.  Then  the  target  was  set  up,  and  slight  lateral  motion 
given  by  the  slide  until  it  was  bisected  by  the  cross-hair.  A  point  was 
then  marked  by  the  plumb-bob  on  a  cross-piece  fixed  to  a  firm  stake.  The 
axis  of  the  telescope  was  then  reversed  by  turning  the  instrument  in  azi¬ 
muth  (owing  to  the  presence  of  dust,  the  telescope  was  never  taken  from  the 
Ys).  The  same  operation  was  repeated  and  another  point  determined.  As 
it  was  found  impossible  to  collimate  inside  of  3",  the  two  points  were  about 
ten  inches  apart  for  a  sight  of  three  miles.  The  point  midway  between 
them  was  taken  as  the  point  of  the  tangent.  The  instrument  and  targets 
were  then  moved  forward  one  station  and  the  same  operations  repeated, 
and  so  on  to  the  terminus  of  the  line.  Much  time  was  saved  by  using  the 
United  States  Army  code,  supplemented  by  a  few  special  signals.  The  men 
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quickly  learned  the  system,  and  to  prevent  any  liability  to  mistakes,  each 
one  was  provided  with  a  printed  card  containing  the  alphabet.  'The  flags 
used  were  of  red  cloth,  six  feet  square,  and  containing  a  white  square  in 
the  center.  These  were  easily  read,  with  a  field-glass  or  small  telescope, 
at  a  distance  of  six  miles  in  ordinary  weather.  The  weight  of  the  instru¬ 
ment  precluded  the  idea  of  carrying  it  by  hand,  and  a  light,  two-wheeled 
spring-cart  was  used  for  this  purpose,  and  to  carry  the  signal-flags,  men’s 
lunches,  &c.  Occasionally,  also,  the  men  at  the  front  target  were  carried 
in  a  two-liorse  wagon,  thus  saving  a  great  deal  of  time.  With  these  favor¬ 
able  circumstances  as  much  as  eighteen  miles  of  tangent  has  been  traced 
in  a  single  day.  The  most  favorable  state  of  the  weather  for  this  work  was 
a  cloudy  day,  or  failing  that,  the  hour  just  before  and  after  sunrise,  and  the 
three  hours  before  sunset.  Between  10  a.  m.  and  3  p.  m.,  on  bright  days, 
the  radiation  and  reflection  of  heated  air  from  the  surface  of  the  ground 
caused  such  a  dancing  of  the  images  in  the  telescope  as  often  to  necessitate 
an  entire  stoppage  of  the  work  until  later  in  the  afternoon.  A  slight  breeze 
diminished  this  disturbance,  and  a  strong  wind  removed  it  altogether;  but 
this  latter  introduced  other  sources  of  error  by  deflecting  the  telescope. 
The  only  large  azimutli-error  in  all  the  tangents  (viz,  T  49",  on  tangent 
No.  8),  was  due  to  attempting  to  work  in  a  high  wind — being  very  much 
pressed  for  time.  This  disturbance  does  not  extend  more  than  thirty  or 
forty  feet  from  the  ground,  and  hence  gave  but  little  trouble  in  sighting- 
over  valleys.  In  a  mountainous  country  it  is  hardly  noticeable.  The 
chaining  was  carried  along  at  the  same  time  as  the  tangent,  the  alignment 
being  corrected  at  every  instrument-station,  and  once  or  twice  between 
them.  The  tallies  were  recorded  in  a  book  by  one  of  the  chainmen,  and 
a  small  stake  was  driven  at  every  second  tally  and  marked  with  its  distance 
from  the  initial  point  of  the  tangent.  The  instrument-pickets  were  also 
marked  with  their  distance.  As  I  rode  along  the  tangent  I  examined  the 
tally-pickets  to  avoid  the  chance  of  any  error.  In  1872  and  1873  I  had 
several  distances,  of  over  ten  miles  in  length,  chained  twice.  The  results 
differed  by  only  six  inches  in  a  mile  at  the  most,  and  it  was,  therefore,  not 
considered  necessary  to  chain  twice  on  level  ground.  What  little  broken 
country  we  met  was  ahvays  chained  a  second  time.  The  standard  of  length 
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was  a  box-wood  rod,  tipped  with  brass,  ten  feet  long  and  two  inches  square 
in  cross-section,  made  by  Negns  &  Co.,  of  New  York.  The  chain  was  com¬ 
pared  with  this  for  each  tangent.  We  also  had  one  of  Stackpole’s  fifty-feet 
tape-lines,  with  level,  thermometer,  and  spring-balance  adjustments.  This 
instrument  measures  to  within  1  in  100,000,  but  it  was  found  to  require  too 
much  time  for  our  purposes,  and  was  only  used  occasionally  as  a  standard 
of  comparison.  Its  length  always  agreed  with  the  wooden  rod.  Our  lon¬ 
gitudes  are  all  deduced  from  the  record  of  the  chaining. 

3.  Azimuth-observations  at  the  terminal  point. — There  were  22  tangent¬ 
lines  in  all  traced  by  myself.  On  twelve  of  these,  independent  azimuth- 
observations  were  taken  at  the  terminal  points,  similar  in  every  respect  to 
those  described  above  for  the  initial  points.  On  five  of  the  remainder  the 
azimuth  was  tested  by  a  series  of  angles  connecting  the  tangent  with  some 
line  whose  azimuth  was  carefully  determined — either  a  British  tangent  or 
astronomical  meridian.  Two  tangents  (Pembina  and  Turtle  Mountains) 
were  only  a  few  miles  in  length.  This,  then,  leaves  three  tangents  whose 
azimuth  was  never  tested  beyond  the  initial  point,  viz,  Nos.  11  and  12,  of 
1873,  and  No.  18,  of  1874.  At  Nos.  11  and  12  the  season  was  very  late 
(October),  and  we  were  in  the  midst  of  a  series  of  snow-storms  and  cloudy 
nights.  At  No.  18  the  azimuth-observations  gave  such  unsatisfactory  results 
that  they  were  rejected.  A  summary  of  the  errors  in  the  tangent,  deduced 
from  these  observations,  has  been  given  above. 

4.  Deducing  the  station-error  and  computing  the  offsets  for  the  mounds. — 
The  formulae  employed  to  find  the  geodetic  latitudes,  longitudes,  and  azi¬ 
muths  at  points  on  a  line  perpendicular  to  first  meridian,  are: — 


H 

F 

Z' 


H' 

P 


IF 

K 


tan  II  (Y  -\-e~  cos2  II) 
2  N2  sin  i" 

1 


—  90°  —  K 


N  sin  1"  cos  II 
tan  H 


N  sin  V 


-.IF  C 

IC  O' 

: 90 ° -KG" 


These  formulae  are  discussed  on  pp.  276,  and  from  them  is  derived, 
pp.  257,  the  table  of  offsets  and  azimuths  of  the  tangent.  Entering  this 
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table  with  the  argument  K,  equal  to  the  length  of  tangent  in  English  feet, 
the  computed  offset  to  49°  is  found.  If  JES  represent  the  station-error,  0C 
the  computed  offset,  the  error  of  the  initial  point,  north  or  south  of  49°, 
JEa  the  error  due  to  azimuth-deviation,  and  0m  the  measured  distance  from 
the  tangent  to  the  second  astronomical  determination  of  49°,  then  JEe  —  0C 
db-Eidr-Ea  —  0m.  To  compute  the  offset  for  any  intermediate  mound  let 
Oc.  .represent  the  computed  offset  for  the  given  distance,  JEr,  the  proportional 
,  part  of  the  station-error,  Ea,  the  proportional  part  of  the  azimuth-error,  and 
Om,  the  required  offset,  then  Om,  —  Oc,  i  Er,  i  Ea„ 

5.  Construction  of  the  mounds  marking  the  boundary. — While  tracing  the 
tangent  at  each  station  where  it  was  thought  a  mound  should  be  built,  the 
true  meridian  was  turned  off,  by  the  aid  of  the  table  of  azimuths  of  the  tan¬ 
gent,  and  a  picket  driven  to  mark  its  direction.  After  finishing  the  tangent 
the  offsets  were  computed  by  the  formulae  given  above,  and  a  list  containing 
the  position  of  each  mound  and  its  offset  was  sent  to  the  chief  of  the  mound- 
builders’  party,  who  built  the  mounds,  and  kept  a  complete  record  of  all 
distances  measured,  and  all  the  facts  relating  to  his  work.  Along  the  Red 
River  Valley,  and  up  to  the  astronomical  station  at  Long  River,  mounds 
were  built  at  intervals  of  one  mile;  these  were  subsequently  replaced  by 
the  iron  pillars  planted  by  Captain  Gregoiy  in  1875.  Beyond  Long  River 
they  were  built  at  an  average  distance  of  three  miles,  and  placed  on  the 
crests  of  the  rolling  prairie,  the  conditions  being  that  each  mound  should 
be  plainly  visible  with  the  naked  eye  from  the  two  adjacent  ones.  Wherever 
a  sufficient  amount  of  stone  could  be  found  within  a  radius  of  five  miles  the 
mounds  were  built  of  the  small  prairie  bowlders,  weighing  from  ten  to  eighty 
pounds  each,  and  in  the  form  of  a  cone  twelve  feet  in  diameter  at  the  base, 
and  six  feet  high.  Where  stone  was  not  available  they  were  built  of  earth 
and  well  rammed,  and  in  the  same  shape  and  size  as  the  others.  If  there 
was  any  timber  available  a  large  post  was  sunk  two  feet  in  the  ground  in  the 
center  of  the  mound,  and  marked  on  the  southern  face  “  XLIX  PAR.”  In 
all  cases  a  picket  was  driven  one  foot  under  ground,  with  a  cross  cut  on  its 
head  marking  the  exact  position  of  the  parallel. 

In  the  Great  Roseau  Swamp  there  was  no  earth  to  be  found  within 
several  miles,  and,  if  there  had  been,  it  would  not  have  withstood  the  action 
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of  the  water.  The  mounds  here  consisted  of  a  pine  post,  about  eighteen 
feet  long,  squared  to  ten  inches,  and  pointed  on  its  lower  end.  This  was 
sunk,  by  its  own  weight,  to  various  distances,  from  two  to  ten  feet.  Around 
it,  from  two  hundred  to  two  hundred  and  fifty  tamarack  poles,  four  inches 
in  diameter,  were  driven  into  the  mud,  as  far  as  possible,  with  heavy  malls. 
Their  tops  were  then  cut  off  to  give  the  shape  of  a  rude  cylinder  with  con¬ 
ical  top.  The  center  post  was  marked  on  its  southern  face  “XLIX  PAR.” 

The  computation  of  the  offset  and  the  nature  of  each  mound  will  be 
found  in  the  details  of  tangent-lines. 


LONGITUDES  AND  STATION-ERRORS. 


As  previously  remarked,  the  longitudes  adopted  are  those  derived 
from  the  chaining  along  United  States  and  British  Tangent  Lines.  The 
origin  of  longitudes  is  the  joint  astronomical  station  near  Pembina.  This 
was  observed,  in  the  winter  of  1872-73,  by  the  British  Commission,  in 
telegraphic  communication  with  Mr.  T.  H.  Safford,  at  the  Observatory  in 
Chicago.  The  result  as  communicated  by  Capt.  S.  Anderson,  Royal  En¬ 
gineers,  is  97°  13'  5l".5;  which  was  adopted  as  the  basis  of  all  our  longi¬ 
tudes.  In  order  to  convert  the  chained  distances  into  arc,  I  made  an 
examination  of  the  various  authorities  on  the  elements  of  the  earth’s  figure, 
with  the  following  results: — 

L  —  Length  of  1  °  of  longitude  on  equator. 

L'  —  Length  of  1°  of  longitude  at  <&. 


a  —  Equatorial  radius  of  the  earth. 
b 


e  — 


Polar  radius  of  the  earth. 

«2-&2V 


Eccentricity  —  ^ 
E  —  Ellipticity 


or 


y 


a  —  b 


Kater’s  value  of  the  meter,  39 in.3 70790. 
Clarke’s  value  of  the  meter,  39in.3 70432. 

a  b 

Bessel’s  spheroid, 


L'-L 


COS  cp 


(1  —  e2  sin2  $)*. 


e--2E 


E 

1 


L  £',(<£  =  49°). 


Kater’s  value  of  ’meter,  S  20923644  20853703m<r6  365186  240040 
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Bessel’s  spheroid, 
Clarke’s  value  of  meter, 

Ordnance  survey,  1858, 
Sir  Henry  James, 

^Ordnance  survey,  1866, 
Capt.  A.  R.  Clarke, 
Spheroid  of  revolution, 

“Figure  of  the  earth”, 
1871,  John  H.  Pratt, 


20923404 

20853464 

1 

365182 

240038 

299.66 

20926330 

20855240 

1 

365233 

240079 

294.36 

20926062 

20855121 

1 

365229 

240076 

294.98 

20926184 

20855304 

1 

365231 

240077 

295.2 

The  above  results  are  in  English  feet,  and  Clarke’s  value  of  the  meter 
is  used  in  deducing  all  except  the  first.  Clarke’s  results  are  obtained  by 
applying  Bessel’s  method  to  the  results  of  the  measurement  of  the  following 
arcs  of  meridian,  viz,  the  Anglo-French,  22°  10';  the  Indian,  21°  21';  the 
Russian,  25°  20';  the  Cape,  4°  37';  and  the  Peruvian,  3°  7'.  In  Pratt’s 
discussion  the  last  two  are  rejected,  on  account  of  their  small  length.  Bes¬ 
sel’s  elements  have  generally  been  adopted  up  to  the  present  time,  in  this 
country;  but  Clarke’s  results  were  thought  to  have  the  most  weight,  and 
were  adopted  for  our  purposes,  with  the  concurrence  of  Capt.  S.  Anderson, 
Royal  Engineers. 

The  accuracy  of  the  chaining  is  a  matter  about  which  nothing 
certain  can  be  stated.  From  the  trials  given  above,  it  was  believed  to 
be  within  a  foot  per  mile,  on  level  ground  and  twenty-five  per  mile  over 
a  broken  country.  In  order  to  test  its  accuracy,  I  ran,  by  your  direction, 
a  meridian-line,  over  level  country,  from  a  point  near  the  Sweetgrass 
Hills  to  the  neighborhood  of  Fort  Shaw,  in  September,  1874.  It  was 
intended  to  observe  the  longitude  of  Fort  Shaw  by  telegraphic  commu¬ 
nication  with  Lieutenant  Wheeler’s  Observatory  at  Ogden,  Utah,  whose 


*  Ordnance  Survey — Comparison  of  Standards  of  Length.  Loudon,  1871.  On 
p.  285  are  given  the  following  elements: — 

Major  semiaxis  =  a,,  of  equator,  longitude  15°  34'  E.  20,926,350  feet. 

Minor  semiaxis  =  b„  of  equator,  longitude  105°  34'  E.  20,919,972  feet. 

Polar  axis,  =  c„  20,853,429  feet. 

a  —  c _  1  .6  —  c  _  1  a  —  b  __  1 

c  285.97’  c  513.3s  ’  c~  3269.5’ 

The  elements  given  above  are  found  on  p.  287,  and  pertain  to  the  “  Spheroid  of 
Revolution  best  representing  the  geodetic  measurements.” 
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longitude  has  been  determined,  telegraphically,  with  great  care.  This 
scheme  fell  to  the  ground,  in  consequence  of  the  fact  that  the  telegraph 
line  between  Helena  and  Fort  Shaw  was  down,  for  several  miles,  in  1875; 
and  to  have  prolonged  the  meridian,  over  the  mountains,  to  the  telegraph 
at  Helena,  would  have  involved  great  expense,  and  given  very  doubtful 
results.  The  opportunity  for  determining  this  valuable  and  interesting 
check  on  our  chaining  was  therefore  lost,  but  it  may  be  accomplished  by 
other  parties,  at  some  future  day.  It  was  impossible  to  get  azimuth-obser¬ 
vations  at  Fort  Shaw  in  1874,  owing  to  cloudy  nights;  but  the  terminal 
points  of  the  meridian  were  securely  marked,  and  in  1875  its  azimuth  was 
carefully  determined,  and  a  connection  was  made  with  Fort  Shaw,  and 
with  the  principal  meridian  of  the  United  States  Land  Surveys.  The 
observations  on  this  meridian  are  given  herewith. 

Fort  Shaw  Meridian. 

Azimuth-observations  at  initial  point. 

[Error  of  Chronometer:  by  a  Andrnmed®  (fast),  13m  4 1».4 ;  by  Arcturus  (fast),  13m.  39'.4 ;  mean  (fast),  13“  40". 4, -Observer, 

0.  S.  Wilson,  C.  E  ] 


Date. 

Position  of  instrument. 

Position  of 
mark. 

No.  of 
n  adiugs. 

Stars. 

Azimuth. 

1S74. 

Sept.  2 

Picket  at  660m  18ch.30  ) 
from  Pembina;  longi-  > 
tudo,  111°  45'  04.9.  ) 

7406.5  feetsoulli 
of  instrument. 

r  10 

J  10 

1  5 

l  10 

y  Cepliei . E  .. 

Polaris . .  E  .. 

/?  Ursse  Minoris..  W.. 
y2  Ursse  Minoris..  W-. 

O  '  H 

179  54  10.2 
54  12.9 

53  50. 8 

54  39.5 

Mean _ _  _ 

179  54  13.6 

Mark  was  moved  12M  west,  to  establish  direction  of  tangent  point. 
Azimuth-observations  at  terminal  point. 

[Observer,  Lieut.  F.  V.  Greene.] 


Date. 

Position  of  instru¬ 
ment. 

Position  of 
mark. 

No.  of 
readings. 

Star. 

Azimuth. 

1875. 

o  •  ft 

July  16 

Terminal  point  of 

Station  46  of  me- 

5 

y  Cephei .  E  .. 

359  53  01.  1 

meridian  south  of 

ridian,  north 

10 

\  Draconis . W.. 

*54  55.6 

Sun  River. 

of  Sun  River. 

10 

/3  Cephei . : . E  .. 

53  04.  2 

10 

4  Draconis . W.. 

54  04.  3 

10 

Polaris . E  .. 

53  07.  4 

July  19 

to 

Polaris . E  .. 

53  26.  3 

10 

y  Cephei . E  .. 

53  45.2 

10 

(3  Ursse  M  aoris  ..W.. 

53  19.2 

10 

y2  Ursse  Minoris  ..W.. 

52  45.  4 

*  Rejected. 
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This  error  was  larger  than  was  anticipated,  but  the  notes  showing  no 
reason  for  assigning  it  to  any  one  place,  it  was  distributed  over  the  whole 
length,  102.5  miles,  of  the  line,  by  assigning  T  to  each  fifteen  miles.  The 
successive  increments  in  deviation  were  then  computed;  giving  a  total  of 
five  hundred  and  ninety-eight  feet  at  the  terminal  point,  equal  to  8". 8  of 
longitude. 

Triangulation  at  Fort  Shaw. 


Flag  Staff. 
Fort  Shaw. 


Angle. 

Length 
in  feet. 

Azimuth. 

Lat. 

Dep. 

Coordinates  from 

A  47,  in  feet. 

o  /  // 

c  /  // 

47-5-46 

32  17  25.  4 

5-47-46 

97  17  51.2 

5-47 

13420 

82  35  27.  9 

1730. 5 

13308 

A  46 

N.  9302. 7 

W.  18. 0 

5-46-47 

50  24  43.  4 

5-46 

17273 

50  18  02.5 

11033 

13290 

46-47-ZJ 

79  02  31.  0 

47-46 

9302. 7 

359  53  19. 1 

9302. 7 

18.1 

5 

S.  1730.  5 

W.  13308.  0 

46-U-47 

55  27  54. 5 

47 -B 

8053.  6 

78  55  50 

1546.  3 

7903. 8 

47-46-5 

45  29  34.  5 

46 -B 

11086.8 

134  23  44.  6 

7756.  4 

7921. 7 

B 

N.  1546.  3 

E.  7903. 8 

46 -C-B 

19  59  10.  4 

46-0 

26932.  8 

98  15  04. 6 

3865. 3 

26654 

C 

N.  5437.  4 

E.  26636.0 

46 -B-C 

L23  52  09. 6 

B-C 

19132 

78  15  54.2 

3891. 1 

18732. 2 

C-46-B 

36  08  40.  0 

C-P 

2550 

223  15  54.  6 

1856. 9 

1747.  8 

P 

N.  3580.  5 

E.  24888.2 

In  order  to  obtain  the  longitude  of  the  Principal  Meridian,  I  consulted 
the  plats  of  the  land-office  in  Helena,  and  found  that,  in  latitude  45°  41', 
it  was  thirty  and  one-fourth  miles  west  of  Lieutenant  Wheeler’s  Observatory 
in  Bozeman,  Mont.,  whose  longitude,  established  by  telegraph,  is  111°  03' 
31  ".9.  By  this  means,  we  are  enabled  to  compare  our  own  longitude  with 
those  of  the  Land-Surveys,  as  follows: — 

Longitude  of  Bozeman,  Mont., .  .  .  111°  03'  31". 9 

Thirty  and  one-fourth  miles  of  longitude  in  latitude  45°  41',  37'  29". 8 


Longitude  of  Principal  Meridian, 


111°  4P  01". 7 
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Westing  from  Principal  Meridian  to  Fort  Shaw  Meridian, 

24,888  feet  in  latitude  47°  31',  .  6'  02".5 


Longitude  of  A  47,  Fort  Shaw  Meridian,  as  determined  by 

land-surveys,  . 111°  47'  04//.2 

Longitude  of  Pembina .  97°  13'  51".5 

Westing  to  Initial  Point,  Fort  Shaw  Meridian,  660“  18ch.30 

in  latitude  49° .  14°  31'  13".4 


Longitude  Initial  Point,  Fort  Shaw  Meridian,  ....  111°  45'  04". 9 

Deviation  in  Azimuth  to  east, .  8". 8 


Longitude  of  A  47,  Fort  Shaw  Meridian,  as  determined  by 

Boundary  Survey, . ,  .  .  .  Ill °  44'  56".  1 

I  also  made  a  chronometer  expedition  from  Fort  Shaw  to 

Bozeman,  from  which  the  longitude  of  A  47  was  .  111°  45'  57". 6 

It  will  be  seen  that  the  chronometric  determination  is  nearly  the  mean 
of  the  other  two,  but  to  this  no  particular  importance  is  attributed.  The 
difference  between  the  land-survey  longitude  and  our  own  is  2'  08",  equal 
to  8,795  feet,  or  1.67  miles ;  but  the  method  in  which  the  Principal  Meridian 
was  run  makes  the  Land-Office  determination  of  no  greater  value  than  our 
own.  The  Principal  Meridian  was  one  hundred  and  twenty-six  miles  in 
length  from  the  latitude  of  Bozeman  to  that  of  Fort  Shaw.  Of  this  length 
forty-eight  miles  was  traced  over  the  broken  country  west  of  the  Gallatin 
River.  Here  an  offset  was  made  of  eighteen  miles  to  the  west  in  order  to 
avoid  the  almost  impassable  mountains  east  of  the  Missouri  River.  From 
the  end  of  this  offset  a  meridian  was  traced  north,  over  the  spurs  of  the 
Rocky  Mountains  to  Sun  River  Valley,  where  an  offset  was  measured  east¬ 
ward  again,  and  a  stone  post  planted  to  indicate  the  intersection  of  the 
Principal  Meridian  and  Fifth  Standard  Parallel.  The  lines  were  traced  by 
a  solar  compass.  Our  own  surveys  embraced  lines  aggregating  a  length  of 

seven  hundred  and  sixty-three  miles  from  Pembina  to  Fort  Shaw,  against 
n  b - 23 


354  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 

one  hundred  and  ninety-two  miles  of  the  land-surveys  from  Bozeman  to 
Fort  Shaw;  but  their  methods  were  not  considered  sufficiently  accurate  to 
warrant  a  change  in  our  determination.  At  the  monument  on  the  summit 
of  the  Bocky  Mountains  we  connected  with  the  surveys  of  the  Northwest 
Boundary  Commission.  The  longitude  of  this  monument,  as  determined 
in  1861  by  the  method  of  lunar  culminations,  is  114°  03'  28".4.  Our  own 
determination  of  the  same  point,  by  chaining,  is  114°  02'  56".5.  The  dif¬ 
ference,  31".9,  is  equal  to  2,124  feet. 

It  is  difficult  to  say  how  much  importance  should  be  attributed  to  this 
result ;  but,  at  all  events,  the  results  of  the  land-survey  near  Fort  Shaw 
were  not  sufficiently  reliable  to  warrant  any  change  in  our  chaining,  which 
was  adopted  for  the  determination  of  longitudes. 

The  following  table  contains  the  longitudes  of  the  astronomical  stations, 
and  their  station-errors,  with  reference  to  the  Lake  of  the  Woods  Station: 
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Longitude. 

Distance  from 

Lake  of  the 

Woods  Station. 

Station-error  N. 

or  S.  of  Lake 

of  the  Woods 

Station. 

o 

95 

/ 

16 

// 

55.3 

M. 

Ch. 

Feet. 

95 

59 

01.0 

31 

72.05 

388.0 

N. 

96 

46 

51.9 

68 

12. 83 

470.2 

N. 

97 

13 

51.5 

88 

49.  36 

556. 1 

N. 

97 

40 

25.2 

108 

59. 62 

588.4 

N. 

98 

00 

33.0 

124 

00. 02 

533.3 

N. 

98 

16 

06.3 

135 

63. 07 

459.5 

N. 

98 

54 

52.0 

165 

13. 05 

376.7 

N. 

99 

19 

03.0 

183 

39. 11 

213.  4 

N. 

99 

46 

04.3 

203 

77. 29 

54.2 

N. 

100 

31 

13.8 

238 

15.10 

154.9 

N. 

100 

57 

29.8 

258 

07.44 

240. 2 

N. 

101 

28 

02.9 

281 

19. 73 

203. 3 

N. 

101 

57 

56.0 

303 

71.50 

40.0 

N. 

102 

26 

25.2 

325 

33. 46 

7.8 

N. 

102 

50 

00.9 

343 

23. 92 

183.4 

N. 

103 

11 

11.3 

359 

32.  54 

203.2 

N. 

103 

34 

53.7 

377 

29.77 

138.8 

N. 

104 

05 

34.0 

400 

49. 25 

414.1 

N. 

104 

39 

53.6 

426 

50.  35 

40.4 

N. 

105 

12 

21.4 

451 

18.41 

151.8 

N. 

105 

41 

39.2 

473 

34.54 

333.5 

N. 

106 

12 

34.4 

496 

69.  06 

156.7 

N. 

106 

46 

31.5 

522 

47. 42 

390.7 

N. 

107 

23 

48.2 

550 

67.40 

436.9 

N. 

107 

45 

45.9 

507 

38.81 

593.6 

N. 

108 

13 

09.2 

588 

19.  31 

540.9 

N. 

108 

48 

59.5 

615 

32. 02 

397.1 

N. 

109 

24 

07.7 

642 

02. 18 

836.0 

N. 

109 

41 

38.2 

055 

23. 57 

669.3 

N. 

110 

10 

19.5 

677 

02.  81 

446. 0 

N. 

110 

43 

46.0 

702 

30. 23 

166.6 

N. 

111 

11 

02.5 

723 

03.  83 

304. 3 

S. 

111 

33 

02.6 

739 

57. 70 

571.2 

S. 

112 

00 

19.5 

760 

31.60 

166.5 

N. 

112 

32 

50.3 

785 

02. 79 

181.5 

N. 

112 

58 

25.2 

804 

33. 61 

115.5 

N. 

113 

26 

35.3 

825 

61.33 

112.5 

S. 

113 

40 

39.0 

836 

33. 85 

383.5 

S. 

113 

53 

19.6 

846 

02.40 

10.6 

S. 

114 

02 

56.5 

853 

25. 29 

133.4 

N. 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 


By  whom  observed. 


British  and  United  States 

British . 

- do . 

British  and  United  States 

....do . 

_ do . 

United  States . 

_ do . 

British . 

- do . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . 

United  States . 

British . . 

United  States . 

British . 

United  States . 

British . 

_ do . 

United  States . 

British  and  United  States 
(1861). 


Name  of  astronomical  station. 


Lake  of  the  Woods  (joint  station) 

Pine  River . . 

West  Roseau . 

Red  River  (joint  station) . 

Michel  (joint  station) . 

Pembina  Mountain  (joint  station) 

Pembina  River . 

Long  River  . 

Sleepy  Hollow . 

Turtle  Mountain  east . 

Turtle  Mountain  west . 

1st  Mouse  River . 

South  Antler  Creek . 

2d  Mouse  River . 

United  States,  No.  8 . 

Short  Creek . 

3d  Mouse  River . 

Grand  Coteau . 

Mid  Coteau . 

Big  Muddy  River . 

Bully  Spring . 

Poplar  River  . . 

West  Poplar  River . 

Little  Rocky  Creek . 

Frenchman’s  Creek . 

Cottonwood  Could . 

Pool  on  Prairie . . 

Near  Goose  Lake . 

East  Fork . . 

West  Fork . 

Milk  River  Lake . 

Milk  River . 

East  Butte . 

West  Butte . . . 

Red  Creek . . . 

South  Branch  Milk  River . 

North  Branch  Milk  River . 

Rocky  Mountains . 

Belly  River . 

Chief  Mountain  Lake  . 

Summit  of  tho  Rocky  Mountains 
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TOPOGRAPHY. 


The  sources  from  which  our  topographical  information  was  obtained 
were  as  follows : 

1.  The  tangent-lines. 

2.  Meander-lines,  with  the  theodolite  and  stadia-rods. 

3.  Minor  compass-surveys. 

4.  Triangulation  and  intersection  in  the  Rocky  Mountains. 

5.  Reconnaissances. 


Tangent-lines. — The  topographical  information  obtained  by  these  was 
altogether  secondary  to  the  main  object  of  making  a  geodetic  connection 
of  the  astronomical  stations.  It  consisted  of  noting  the  crossings  of  streams 
and  valleys  intersecting  distant  hills,  and  sketching  the  immediate  vicinity. 
The  stakes  of  these  lines,  however,  were  the  basis  of  the  stadia-lines  both 
for  distance  and  azimuth. 

Stadia-lines. — The  theodolites  employed  in  this  method  of  survey  were 
made  by  Wurdemann,  and  were  similar  in  construction  to  the  large  eight- 
^  •  inch  transits  used  for  azimuth  work.  The  horizontal  limb 

F5^--'--io  was  six  inches  in  diameter,  divided  to  10',  and  reading,  by 
'-"As  two  verniers,  to  10";  vertical  limb,  four  inches  in  diameter, 
divided  to  20',  and  reading,  by  vernier,  to  P;  telescope  of 
10"  focal  length,  magnifying  17  times,  and  having  in  the 
reticle  three  horizontal  and  one  vertical  line,  which  were 
fixed.  The  rods  were  made  of  pine,  3"  X  0".§,  in  cross- 
section,  were  about  twelve  feet  long,  and  folded  on  a  hinge 
at  the  middle.  The  inner  side  was  painted  white,  and  marked  with  figures, 
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as  shown  in  this  sketch.  Eacli  rod  was  adjusted  for  a  particular  theodolite, 
as  follows  :  A  distance  of  1,000  feet  was  measured  on  the  ground  with  great 
care,  and  the  rod  placed  at  one  end,  the  theodolite  at  the  other.  The  space 
covered  by  the  constant  visual  angle  was  noted  on  the  rod,  and  this  space 
(representing  1,000  feet)  was  subdivided  into  equal  parts,  the  smallest  of 
which  represented,  five  feet,  from  which  one  foot  could  be  read  by  estimation. 

Habitually  two,  but  sometimes  three,  rods  were  used  with  each  theodo¬ 
lite,  and  all  measurements  were  made  twice — i.  e.,  the  distance  and  elevation 
of  a  course  were  recorded  once  as  a  foresight  and  once  as  a  backsight. 

The  azimuth  was  taken  from  the  tangent,  and  was  kept  throughout  the 
line — i.  e.,  each  recorded  angle  was  the  angle  between  the  course  and  the 
true  meridian. 

An  average  day’s  work  for  a  single  party  was  a  line  of  five  miles  in 
length,  but  as  much  as  twelve  miles  of  line  have  been  run  by  one  party  in 
a  day. 

The  notes  of  the  stadia-surveys  were  reduced  in  the  office — first,  each 
reading  for  distance  (being  the  hypotlienuse  of  a  vertical  right-angled  tri¬ 
angle)  was  reduced  to  horizontal  distance  and  difference  of  level,  then  each 
bearing  was  corrected  by  its  proportional  part  of  the  total  error  in  azimuth: 
the  horizontal  distance  was  then  resolved  into  rectangular  co-ordinates,  with 
reference  to  the  first  meridian;  these  co-ordinates  were  algebraically  summed, 
and  compared  with  the  co-ordinates  of  the  terminal  point  as  given  by  the 
tangent ;  the  error  of  the  last  point,  in  latitude  and  longitude,  was  then  dis¬ 
tributed  in  the  co-ordinates  of  each  course  in  proportion  to  its  length;  the 
adjusted  co-ordinates  were  then  plotted  on  the  map.  For  reducing  the  read¬ 
ings  to  horizontal  and  vertical  distances,  the  formuhe  used  w.ere  those  de¬ 
duced  by  Prof.  S.  W.  Robinson,  C.  E.,  formerly  of  the  Lake  Survey.  They 
were  originally  published  in  the  Journal  of  the  Franklin  Institute  for  Feb¬ 
ruary,  1865. 

d~  (B-c—f)  cos5  F+(c+/)  cos  V 

h=ru  sh> 2  r+(c+/)  sin  v 
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in  which — 

V  —  angle  of  elevation  or  depression. 

B  z=.  length  of  a  measured  base. 

B  —  reading  of  stadia  on  that  base. 

/  —  principal  focal  distance  of  object-glass  of  telescope. 

c  —  distance  from  axis  of  telescope  to  object-glass. 

R'  —  any  reading  for  which  the  horizontal  distance  and  difference  of 
level  are  required. 

d  —  horizontal  distance  corresponding  to  R' . 

h  —  difference  of  level  corresponding  to  R'. 

With  these  formulae,  tables  have  been  constructed  by  Alfred  Noble 
and  William  T.  Casgrain,  assistants  in  the  United  States  engineer’s  office 
at  Milwaukee.  They  assumed  B  and  R  each  equal  to  1,000  feet,  and 
(c-f-  /)  equal  to  1.4  feet.  These  assumptions  correspond  to  our  own  instru¬ 
ments  and  rods.  The  tables  are  of  the  same  form  as  traverse  tables,  the 
arguments  being  the  stadia-reading  and  angle  of  elevation  or  depression. 

The  total  number  of  stadia-traverse  lines  is  one  hundred  and  thirty, 
aggregating  a  length  of  one  thousand  two  hundred  and  eighty-seven  miles. 
The  notes  were  all  reduced  in  the  manner  above  described.  Of  these,  sixty- 
nine  lines  (seven  hundred  and  thirty-eight  miles)  were  closed  on  known 
points,  and  their  results  are  brought  together  in  the  following  table  in  order 
to  show  the  degree  of  accuracy  of  this  kind  of  surveying : 
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Stadia- lines. 


Number. 

Assistants. 

Date. 

Length  in  miles.  | 

Number  of  courses. 

Average  length  of 

course. 

Total  errors  of  closure. 

Proportional  errors. 

rd 

.a 

‘5 

Latitude. 

Departure. 

Height. 

Azimuth  per 

course. 

Latitude  per 

1,000  feet. 

Departure  per 
1,000  feet. 

Feet. 

/  // 

Feet. 

Feet. 

Feet. 

// 

Feet. 

Feet. 

15 

A.  D . 

Nov.,  1873 

1.48 

6 

1307 

+  8  00 

25. 4  N. 

35. 7  E. 

...... 

80.0 

3.2 

4.6 

28 

L  C  . 

1.50 

7 

1186 

277. 8  S. 

32. 3  E. 

33.  4 

3.  9 

41 

Oct"  1873 

1  71 

1297 

14  9  N 

17  4  W. 

1.  6 

1  9 

25 

A  D  . 

July,  1873 

1.79 

10 

948 

16. 8  N. 

4.  0  W. 

364.4 

1.7 

o!  4 

29 

. .  do . . 

Sep't.,  1873 

2.61 

11 

1336 

15.8  S. 

131. 1  E. 

. 

1.0 

8.9 

63 

C.  L.  D . 

Aug.,  1874 

2. 65 

13 

1070 

+12  51 

103.  8  S. 

30.  3  W. 

+27.3 

58.5 

7.5 

2.2 

58 

V.  T.  MeG _ 

Aug.,  1874 

2.66 

7 

2012 

—14  00 

127.  5  S. 

23. 1  E. 

120.0 

9.0 

1.6 

53 

0  S  W 

July,  1874 

3. 11 

9 

1827 

19. 8  S. 

1.  9  W. 

1.2 

0. 1 

20$ 

L.  C .  \ 

F.  v.  S  S 

JuDe,  1873 

3. 17 

24 

698 

85. 9  S. 

275. 7  E. 

..... 

...... 

5. 1 

16.5 

24 

A.  D . 

June,  1873 

3. 24 

20 

851 

+19  40 

31. 5  N. 

217.  2  E. 

59.0 

1.8 

12.7 

17 

. . do . . . 

Dec.,  1873 

3.  35 

12 

1475 

+  6  50 

53. 0  S. 

77.  0\V. 

34.2 

3.0 

4.  4 

27 

F.  v.  S . 

Aug.,  1873 

3.  44 

14 

1297 

+  8  30 

30. 2  S. 

155.  6  W. 

36.4 

1.6 

8.  6 

36* 

L.  C  . 

Sept.,  1873 

3. 85 

13 

1556 

165.  5  E. 

9. 1 

38t 

A.  D  . 

Sept.,  1873 

3  89 

14 

1412 

1.0  W. 

0.  0 

57 

V.  T.  McG 

Aug.,  1874 

3  91 

10 

2065 

2. 1  S. 

90. 9  W. 

0.  1 

4.  4 

33 

A.D . 

Sept.,  1873 

3.  93 

16 

1297 

—  8  00 

63.  6  S. 

57. 9  E. 

3.0 

3.2 

2.8 

21 

. .  do . 

June,  1873 

4.43 

20 

1172 

—  2  45 

29.  3  N. 

33. 3  E. 

8.2 

1.2 

1.4 

65 

Y.  T.  McG _ 

Aug.,  1874 

4.  48 

17 

1390 

—  6  31 

59.  4  S. 

85. 2  W. 

+38  1 

23.0 

4.5 

3.6 

47 

do . 

July,  1874 

5  17 

20 

1365 

26. 2  N 

5  7  W. 

+  14  0 

0.9 

0.2 

8 

C.L.  D . 

Nov.,  1873 

5.24 

24 

1253 

—14  20 

235.  5  N. 

126. 2  E. 

35.8 

7.7 

4.0 

6 

.  .do . 

Nov.,  1873 

5.41 

20 

1429 

+  2  45 

325. 3  N. 

364.0  E. 

8.2 

11.4 

12.7 

2 

0.  s.  w . 

Nov.,  1873 

5.71 

19 

1588 

116.  HN. 

39. 8  E. 

. 

...... 

3.8 

1.3 

61 

C.  L.  D . 

Aug.,  1874 

6.52 

25 

1378 

+  2  34 

55.  3  S. 

142. 2  W. 

6. 1 

1.6 

3.5 

16 

0.  s.  w . 

Dec.,  1873 

6.56 

34 

1004 

+  3  15 

182. 2  N. 

96.2  E. 

5.7 

5.3 

2.8 

12 

c.  L.  D . 

Dec.,  1873 

6.63 

17 

2060 

—  5  40 

16.  0  S. 

6  0W. 

20.0 

0.  5 

0.2 

46 

V.T.  McG.... 

July,  1874 

6. 65 

28 

1254 

208. 2  S. 

249. 5  \V. 

5.9 

7.1 

30 

C.L.D . 

Sept.,  1873 

6. 76 

33 

1038 

—16  30 

207. 7  S. 

259. 7  E. 

. 

30.6 

6.0 

7.6 

195 

L.  C .  1 

F.v.S . $ 

June,  1873 

6. 79 

43 

834 

+  18  00 

28. 8  N. 

333. 5  W. 

25.1 

0.8 

9.6 

32 

C.L.D . 

Sept,,  1873 

7.24 

34 

1125 

64.  8  N. 

143. 1  W. 

—  4.2 

1.7 

1.7 

3.7 

7 

..do . 

Nov.,  1873 

7. 54 

37 

919 

—  6  50 

60.  4  N. 

34.  0  W. 

11.0 

1.8 

1.  0 

4 

. .  do . 

Nov.'  1873 

7.  57 

33 

1212 

455. 7  N. 

8.  6  W. 

11.4 

0.2 

52 

0.  s.  w . 

July,  1874 

8. 24 

26 

1673 

—  4  20 

41.  IN. 

17.  9  W. 

10.0 

0.9 

0.4 

56 

C.  L.  D . 

July,  1874 

8.  43 

27 

1647 

+  9  00 

78.  2  S. 

377.  0  E 

20.  0 

1.7 

8.5 

48 

V.T.  McG.... 

July,  1874 

8.  75 

35 

1321 

—  1  00 

63.  0  N. 

47.  0  E. 

—36.0 

1.7 

1.3 

1.0 

42 

A.D  . 

Sept.,  1873 

8.  76 

33 

1401 

204. 5  S. 

18.3  E 

4.  4 

0.  4 

49 

V.T.  McG.... 

July,  1874 

9.  36 

36 

1372 

291.  ON. 

155.  3  W. 

4.9 

2.6 

31 

F.  v.  S . 

Aug.,  1873 

9.  38 

36 

1377 

99. 1  N. 

131.7  E. 

. 

2.0 

2.7 

55 

C.  L.  D . 

July,  1874 

9.  46 

43 

1138 

—  1  15 

39  3  S. 

22. 5  W 

1  7 

0.8 

0.  4 

45 

..do . . . 

July,  1874 

9.  54 

33 

1526 

—  2  12 

3. 2  S. 

13.  3  W. 

4.0 

0.06 

0.2 

62 

..do . 

Aug.,  1874 

9.  76 

44 

1165 

+17  08 

71.7  S. 

26.  3  W. 

.... 

23.4 

1.4 

0.5 

43 

A.D . 

Sept.,  1873 

9. 95 

35 

1501 

+22  25 

203.  ON. 

469.  8  E. 

. 

38.4 

3.8 

8. 1 

51 

C.L.D . 

July,  1874 

10.75 

37 

1535 

+  8  38 

120.  4  S. 

203.  9  W. 

...... 

14.0 

2. 1 

3.6 

26 

A.D . 

Aug.,  1873 

11.56 

58 

1052 

+28  40 

193.7  S. 

17.  9  E. 

—44.4 

29.6 

3. 1 

0.3 

35 

C.  L.  D . 

Oct.,  1873 

12.  14 

43 

1726 

—29  35 

165.  0  S. 

203.  5  \V. 

41.3 

2.5 

3.  1 

1 

. .  do . 

Jan.,  1874 

12. 21 

40 

1610 

87. 5  N. 

53.  5  E. 

1.3 

0.8 

65 

V.  T.  McG.... 

Aug.,  1814 

12.  23 

32 

2025 

+  6  05 

49. 2  N. 

8.  7  W. 

11.4 

0.7 

0.1 

54 

O.  S.  W . . 

July,  1874 

13.  14 

34 

2040 

+13  40 

177. 5  S. 

191.  5  W. 

24.  1 

2.5 

2.7 

57  j. 

C.L.D . 

Sept.,  1873 

13. 16 

71 

970 

561.8  E. 

8.  1 

3 

. .  do . 

Nov.,  1873 

13. 19 

53 

1315 

91.  3  N. 

46. 0  E. 

1.  3 

0.7 

59 

..do . 

Aug.,  1874 

13.  92 

47 

1564 

+  1  20 

241.3  S. 

122.  4  W. 

1.5 

3.3 

1.7 

*  Along  Coteau-tangent.  t  Tangent  west  of  Coteau.  t  Coteau-taugeut. 
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Stadia-lines — Continued. 


Number. 

Assistants. 

Date. 

Length  in  miles. 

Number  of  courses. 

Average  length  of 
course. 

67 

Y.  T.  McG _ 

Aug.,  1874 

14.31 

37 

©  O 

69 

.do . 

Aug.,  1874 

14.71 

39 

1991 

9 

C.L.D . 

Nov.,  1873 

14.91 

85 

927 

13 

. .  do . 

Dec.,  1873 
Aug.,  1874 

15.91 

105 

801 

64 

V.  T.  McG _ 

10.  63 

52 

1687 

68 

. .  do . 

Aug.,  1874 

16.  96 

45 

1990 

11 

C.L.D . 

Dec.,  1873 

17.  26 

106 

860 

50  5 

C.  L.  D - ? 

V.  T.  McG..  5 

July,  1874 

17.73 

82 

1142 

60 

C.  L.  D . 

Aug.,  1874 

17.81 

51 

1844 

44 

..do . 

July,  1874 

18.  36 

63 

1539 

39 

. .  do . 

Sept.,  1873 

19.35 

102 

1001 

34 

..do . 

Oct,,  1873 

20.  40 

75 

1435 

40 

..do . . 

Sept.,  1873 

20.  40 

104 

1036 

5 

..do . 

Nov.,  1873 

21.36 

99 

1138 

18 

F.  v.  S . 

June,  1873 

22.  00 

108 

1085 

10 

C.L.D . 

Dec.,  1873 

25.91 

111 

1232 

22  ‘ 

L.  (J  \ 

A.  D . ^ 

F.  v.  S . 

June,  1873 

26.  37 

181 

769 

23' 

July,  1873 

27.86 

178 

799 

14* 

C.L.D . 

Jan.,  1874 

46.  34 

112 

2186 

Total  errors  of  closure. 

Proportional  errors. 

CD 

U 

© 

© 

per 

eet. 

© 

^  © 

©  03 

_  — < 

© 

_  CO 

0  %-« 

— 

..j 

0 

T3  0 

Z  0 

0 

0 

U 

a  0 

O  O 

t,  0 

a 

:t£ 

cc 

a  0 

+T  O 

€8  0 

N 

0 

© 

© 

c3 

© 

< 

p 

Q 

w 

p 

Q 

It 

Feet. 

Feet. 

Feel. 

// 

Feet. 

Feet. 

—  9  25 

288. 1  N. 

20.  4  E. 

15.3 

3.8 

0.2 

—  3  15 

337. 2  S. 

280. 4  E. 

...... 

5.0 

4.3 

3.6 

—  7  00 

125.  8  N. 

268.  8  W. 

4.9 

1.6 

3.4 

+  4  00 

21.  5  N. 

36.  5  E. 

.... 

2.3 

0.2 

0.4 

—  0  50 

6.7  S. 

112.3  W. 

+89.8 

0.9 

0. 1 

1.2 

—  4  15 

5.  6  S. 

802.  3  E. 

-  -  -  . 

5.7 

0. 1 

9.0 

—46  00 

283.  9  N. 

95.  4  S. 

30. 3  W. 

136.  9  W. 

175.  0  W. 

26.0 

3.1 

1.  1 

0.3 

1.  4 

69.  5  S. 

—33.1 

0.7 

0.8 

+  4  05 

420.  0  S. 

158.  3  E. 

3.9 

4.3 

1.6 

—59  40 

148.2  S. 

27.  6  E. 

+16.  0 

34.9 

1.4 

0.3 

—18  05 

96. 7  N. 

47.  ()  L. 

14.4 

0.9 

0.4 

—  3  12 

54.  4  S. 

6.  0  W. 

+44.3 

1.8 

0.5 

0. 1 

791.  2  N. 

193.  7  E. 

6.8 

1.7 

—13  45 

304.  8  N. 

569. 9  W. 

. 

7.6 

2.6 

4.8 

—10  16 

521.  9  N. 

130.4  E. 

5.5 

3.8 

0.9 

+26  40 

50.  8  S. 

532.  7  W. 

8.8 

0.4 

3.8 

—26  00 
+14  20 

1700. 0  S. 
112. 9  N. 

496.  5  W. 

+92.0 

8.7 
7.  7 

11.9 

0.5 

3.5 

*  Along  Lake  of  the  Woods  ;  closed  on  sextant-station. 


MEANS. 


Lengths. 

Number  of 
stations. 

Lengths  of 
courses. 

Total  errors. 

Proportional  errors. 

Az. 

Lat. 

Dep. 

Az. 

Lat. 

Dep. 

/  // 

Feet. 

Feet. 

// 

Feet. 

Feet. 

Tne  69  lines . 

10.  69 

45 

1361 

12  14.6 

160.5 

146.4 

27.2 

3.  40 

3.31 

Season  of  1873  . 

9.  83 

50 

1154 

20  05.9 

177.7 

188.  8 

4.03 

4.72 

Season  of  1873-74  . 

12.  74 

54 

1313 

10  46.  3 

206.3 

96.7 

3.  92 

2.46 

Season  of  1874  . 

10. 20 

34 

1600 

6  26. 6 

115.4 

134.  6 

. 

2.  49 

2.  42 

Assistant  O.  S.  W . 

7.  35 

24 

1626 

7  05 

105.  5 

69.5 

2.74 

1.46 

Assistant  V.  T.  McG . 

9.  66 

30 

1710 

5  40. 1 

122.  0 

156.7 

2.  96 

2.  88 

Assistant  C.  L.  D . 

13.  67 

57 

1310 

12  55.  5 

172. 1 

131.8 

2.97 

2.49 

Assistant  A.  D . 

4.50 

20 

1225 

12  19.2 

70.4 

59.  3 

....  -  . 

2.  51 

3.  59 

Assistant  F.  v.  S  . 

15.  67 

84 

1139 

16  05 

533. 5 

338.4 

....  -  - 

4.52 

4.90 

Assistant  L.  C . 

7.  62 

44 

1120 

22  21.7 

110.2 

251.  0 

7.  52 

7.  56 

According  to  length  : 

From  9.  48m  to  5.  71m . 

3.  49 

14 

1356 

9  28.4 

83.0 

89.6 

69.2 

5.14 

4.79 

From  6.  52m  to  12.  28m . 

8.87 

35 

1363 

10  46.3 

124.5 

126.  6 

16.4 

2.  75 

2.85 

From  13. 14,n  to  46. 34m . 

19.  48 

84 

1365 

14  46.0 

270.3 

224.  9 

10.0 

2.51 

2.  35 
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The  mean  of  sixty-nine  lines  shows  that  the  average  error  of  our  topo¬ 
graphical  surveys,  by  this  method,  was  about  one  foot  in  three  hundred. 
The  means  for  the  various  seasons  show  a  constant  increase  in  the  accuracy. 
The  mean  error  of  1873  is  larger  than  the  others,  and  arises  from  the  want 
of  experience  on  the  part  of  one  or  two  assistants.  Most  of  the  work  of 
that  summer  was  done  under  fair  circumstances,  including  several  days  of 
high  winds  which  cannot  be  avoided  on  the  plains.  The  work  during  the 
winter  of  1873-74  was  done  under  very  unfavorable  circumstances.  The 
thermometer  was  near  zero  every  day,  and  most  of  the  lines  were  run  over 
swamps  and  ice,  where  it  was  almost  impossible  to  keep  the  instrument  in 
level.  The  two  lines,  Nos.  10  and  11,  were  run  on  the  ice  of  the  Roseau 
River,  and  up  through  the  swamp,  to  the  forty-ninth  parallel.  One,  over 
seventeen  miles  in  length,  closed  within  about  three  hundred  feet  (A^  and 
the  other,  nearly  twenty-six  miles  long,  closed  within  about  five  hundred 
feet  (A). 

Line  No.  14  was  run  on  the  ice  of  the  Lake  of  the  Woods,  and  mean¬ 
dered  the  shore  from  the  forty-ninth  parallel  to  Rainy  River.  It  was  closed 
on  a  sextant  latitude  station,  and  a  carefully  observed  azimuth.  Although 
more  than  forty-six  miles  in  length,  its  error  in  azimuth  was  only  14'  20", 
or  1" . 7  for  each  course,  and  in  latitude  only  one  hundred  and  thirteen  feet, 
or  „-A.  These  lines  were  run  by  Mr.  C.  L.  Doolittle,  and  reflect  great  credit 
on  his  carefulness  and  precision. 

The  work  in  1874  was  all  done  by  experienced  assistants,  and  under 
the  ordinary  circumstances  to  be  met  on  the  plains,  that  is,  a  high  wind  and 
“boiling”  of  the  air  on  three  days  out  of  five.  The  error  is  seen  to  be 
about  A.  This  I  take  to  be  the  greatest  accuracy  that  can  be  expected  for 
a  whole  season’s  work,  when  the  party  is  so  pressed  for  time  that  it  cannot 
lie  over  on  windy  days.  Several  individual  lines  are  much  more  accurate. 
The  smallest  error  is  in  Line  No.  45  by  Mr.  Doolittle,  length  about  ten 
miles  and  error  A^.  This  of  course  is  accidental;  but  there  are  eleven  lines 
whose  error  is  less  than  A_.  The  last  three  means  are  obtained  by  dividing 
the  lines  into  three  equal  sets,  according  to  length.  For  the  first  set,  with 
a  mean  length  of  about  three  miles,  the  error  was  A;  for  the  second,  with 
a  length  of  about  nine  miles,  A;  and  for  the  third,  with  a  length  of  about 
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eighteen  miles,  L;  that  is,  the  longer  lines  were  the  more  accurate,  in  pro¬ 
portion  to  their  length.  This  probably  shows  a  considerable  error  on  one 
or  two  courses  of  the  short  lines,  which,  divided  by  a  small  distance,  gives 
a  large  proportional  error.  The  same  error  distributed  over  a  long  line 
would,  of  course,  be  much  smaller  proportionally.  It  is  also  probable  that 
the  accidental  errors  tend  more  nearly  to  counterbalance  each  other  in  long 
lines. 

As  the  proportional  errors  are  smaller  for  the  long  lines  than  the  short, 
it  would  seem  probable  that  there  are  no  cumulative  errors,  such  as  lost 
motion  in  tangent-screws,  &c. 

An  error  once  made,  however,  is  carried  through  to  the  end  of  the  line, 
and  as  it  is  impossible  to  discover  where  the  error  is,  the  only  feasible 
method  of  adjustment  is  that  which  we  have  adopted;  namely,  to  distribute 
the  azimuth-error,  proportionally,  in  each  course,  and  the  position-errors  in 
each  course  proportionally  to  its  length. 

As  the  result  of  our  own  experience,  then,  the  average  accuracy  of 
surveys  with  the  stadia  is  3^,  under  good  circumstances  we  may  expect  L 
and  on  selected  days,  with  great  care,  -b  can  be  obtained. 

This  shows  that  this  method  is  available  for  surveys  for  maps  of  a 
scale  of  i^ioo,  or  about  six  inches  to  the  mile. 

The  plane-table  is,  of  course,  superior  for  minute  topography  in  certain 
localities,  in  populated  countries,  &c.;  but  for  meandering  streams  on  the 
plains,  I  think  the  stadia-method  is  the  best.  If  there  are  ravines  to  be 
crossed,  its  measurements  are  more  accurate  than  those  made  with  the 
chain;  and  it  has  advantages  at  all  times  in  its  great  celerity  in  giving 
heights,  as  well  as  distances,  and  in  the  fact  that  all  the  measurements  are 
under  the  control  of  the  engineer.  The  plane-table  would  be  useless  on 
the  plains,  on  account  of  high  winds,  dust,  and  sudden  storms. 

General  Comstock,  in  charge  of  the  Lake  Survey,  states  that  he  con¬ 
siders  A_  on  ordinary  ground  to  be  the  precision  of  good  chaining  and  ^ 
that  of  good  stadia-work.  On  rough  and  broken  ground,  the  stadia  was 
equal  to  the  chain  in  precision,  and  on  bad  ground  was  superior.  He  adds, 
“In  topographical  work  our  main  lines  are  chained,  or  derived  from  chained 
bases  which  have  an  accuracy  of  ^  to  5^;  the  side  lines  diverging  from 
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these,  and  checked  by  returning  to  them,  are  all  stadia-lines,  whose  average 
accuracy  (probable  error)  I  estimate  at  i  to  i  for  distances  of  1,000  feet.” 

Prof.  S.  W.  Robinson  states  that  the  error  of  stadia-measurement  has 
been  found  to  be  about  A  to  jA,  and  that  lines  “have  been  run  from  one 
to  six  miles,  and  over  heights  of  one  hundred  and  fifty  to  two  hundred  feet, 
in  which  the  final  error  in  height  ranged  from  0  to  1.5  feet,  with  no  more 
than  ordinary  care.”  We  have  no  precise  data  for  determining  the  errors 
in  height.  Some  of  the  lines  were  closed  on  points  whose  approximate 
height  was  determined  by  the  barometer,  or  by  trigonometric  leveling. 
The  errors  ranged  from  four  to  one  hundred  feet ;  the  greater  part  of  this 
was  probably  in  the  barometric  result.  The  superiority  of  this  method  of 
survey  over  that  with  the  chain,  in  very  rough  country,  is  clearly  shown  by 
lines  36,  37,  and  38.  All  of  these  lines  were  along  the  tangent.  Nos.  36 
and  37  were  in  the  Coteau — a  series  of  irregular  hills  in  close  proximity — 
and  both  of  them  gave  measurements  less  than  the  chain,  by  nearly  the 
same  amount,  about  A.  No.  38  was  also  along  the  same  tangent,  but  on 
level  ground.  It  differed  from  the  chained  measurement  by  only  one  foot 
in  nearly  four  miles ;  the  intermediate  errors — never  larger  than  a  few  feet — 
having  balanced. 

Minor  coinpass-surveys. — In  connection  with  these  stadia-lines,  surveys 
of  small  extent  along  minor  features,  such  as  branch-ravines,  &c.,  were  made 
with  a  six-inch  compass,  the  distances  being  estimated  from  pacing. 

The  variation  of  the  compass  was  obtained  from  the  true  azimuth  of 
the  stadia-line,  and  these  compass-surveys  started  and  closed  on  points  of 
the  stadia-line.  They  were  of  small  extent,  seldom  a  mile  in  length, 
although  aggregating  about  two  hundred  miles.  Their  average  accuracy 
is  about  4.  They  were  adjusted  in  the  same  manner  as  the  stadia-lines. 

The  Rocky  Mountains. — The  portion  of  the  Rocky  Mountains  crossed 
by  the  49th  parallel,  between  the  summit  and  the  eastern  slope,"  is  about 
twenty-six  miles.  In  this  inaccessible  region  the  method  of  stadia-surveys 
was  not  feasible,  and  we  had  not  the  time  for  a  comprehensive  triangula¬ 
tion.  Hence  this  portion  of  our  map  is  not  as  accurate  in  detail  as  the 
others.  We  have,  however,  considerable  data  for  constructing  it.  These 
data  consist  of  a  stadia-line,  by  Mr.  Doolittle,  along  the  eastern  slope,  and 
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extending  into  the  valley  of  Belly  River  to  connect  with  the  British  Astro¬ 
nomical  Station ;  of  a  careful  triangulation  of  Chief  Mountain  Lake,  under 
Captain  Gregory’s  direction,  including  intersections  on  neighboring  peaks ; 
of  a  stadia-line  by  Mr.  Wilson,  from  Chief  Mountain  Lake,  through  the 
South  Kootenay  Pass,  over  the  water-shed  and  connecting  with  a  traverse 
made  in  1861,  to  the  Akamina  Station;  and,  lastly,  of  a  triangulation,  by 
myself,  of  certain  peaks  in  the  neighborhood  of  the  summit-monument, 
from  which  intersections  were  taken  on  all  the  principal  peaks  within  the 
five-mile  belt.  I  also  obtained  cross-intersections  on  these  points  from  a 
peak  at  the  head  of  Chief  Mountain  Lake,  located  accurately  by  Captain 
Gregory’s  triangulation. 

The  principal  peaks  were  approximately  located  in  position  and  alti¬ 
tude  by  these  means,  and  the  topography  was  supplemented  by  numerous 
profile  sketches.  To  accomplish  the  triangulation  near  the  summit  I  fol¬ 
lowed  the  old  and  very  blind  trail  along  Akamina  Creek  to  the  base  of 
the  water-shed,  where  I  identified  the  astronomical  station  of  1860-6T  by 
the  observing-logs,  old  boxes,  &c.  Here  I  observed  for  azimuth,  and 
measured  a  base-line.  The  length  of  this  was  one  thousand  seven  hundred 
and  forty-nine  feet,  being  the  mean  of  four  measurements  with  the  Stack- 
pole  tape,  differing  from  each  other  by  less  than  one  inch,  or  — From 
this  base  the  triangles  were  expanded  to  the  peaks  near  the  summit-monu¬ 
ment,  and  from  them  intersections  were  taken.  I  had  intended  to  extend 
the  triangles  to  a  point  about  two  miles  south  of  the  monument,  where, 
from  an  altitude  of  nearly  nine  thousand  feet  above  the  sea,  and  five  thou¬ 
sand  feet  above  Chief  Mountain  Lake,  the  whole  country  can  be  seen, 
but  I  found  it  impossible  to  transport  the  heavy  eight-inch  theodolite  be¬ 
yond  the  monument.  This  monument  is  finely  placed,  upon  the  very  water¬ 
shed  of  the  Rocky  Mountains,  at  an  altitude  of  six  thousand  seven  hundred 
feet  above  the  sea.  It  is  in  the  center  of  a  flat  saddle,  about  five  hundred 
by  one  hundred  and  fifty  feet,  and  is  overlooked,  on  the  north  and  south, 
by  sandstone  knobs,  from  eight  hundred  to  a  thousand  feet  higher  than 
itself.  On  the  east  is  a  sheer  precipice  of  nearly  two  thousand  feet,  termi¬ 
nating  in  a  lake  which  discharges,  through  the  Saskatchewan  River,  into 
Hudson’s  Bay.  On  the  west  the  slope  is  steep,  but  still  accessible  with 
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care,  and  terminates  in  a  lake  discharging  through  the  Columbia  River 
into  the  Pacific.  The  monument  is  a  rude  pyramid  of  undressed-sandstone 
blocks,  about  ten  feet  at  the  base,  and  eight  feet  high.  It  is  in  as  perfect 
order  as  when  built  in  1861.  Within  a  few  rods  of  the  cairn  the  divide  is 
reduced  to  a  mere  knife-edge  of  ragged  rock,  which  must  be  passed,  if  at 
all,  a  cJievol.  It  was  at  this  point  that  I  found  it  impossible  to  transport  the 
transit  any  further.  In  company  with  one  of  the  men,  named  Macey,  I 
passed  over  this,  and,  taking  an  aneroid  barometer  with  me,  followed  the 
crest  of  the  divide  to  a  prominent  sandstone  peak,  about  two  miles  south  of 
the  line.  The  climbing  was  difficult,  for  the  sedimentary  sandstone  was 
weathered  in  vertical  cracks.  Some  of  these,  not  more  than  eight  or  ten 
feet  across  and  one  hundred  feet  or  more  deep,  we  easily  jumped ;  but  at 
the  larger  ones  we  had  to  let  ourselves  down,  from  ledge  to  ledge,  for  two 
hundred  feet  on  one  side,  and  ascend,  similarly,  on  the  other — a  tiresome 
operation,  after  the  novelty  of  the  first  two  or  three  trials  had  worn  off. 

The  view  from  the  peak  was,  however,  very  fine.  On  the  east  we 
could  see  over  the  tops  of  the  range  beyond  Chief  Mountain  Lake  on  to 
the  brown  plains  extending  indefinitely  eastward.  To  the  west  we  recog¬ 
nized  the  broad  valley  of  the  Flathead  River,  and  beyond  that  another  mass 
of  mountains.  In  our  immediate  vicinity  was  a  most  tumultuous  mass  of 
mountains.  From  the  main  divide  the  ridges  curved  off  in  circles,  on  either 
side,  forming  vast  amphitheaters.  The  effect  was  heightened  by  the  im¬ 
mense  masses  of  snow — some  of  them  more  than  a  mile  in  extent — covering 
the  northern  slopes  of  these  ridges,  and  frequently  terminating  in  lakes 
whose  intense  blue  revealed  great  depths. 

The  barometer  gave  the  altitude  of  this  peak  eight  thousand  six  hun¬ 
dred  feet.  This  ought  to  be  about  the  timber-line  for  this  latitude  and  dis¬ 
tance  from  the  sea,  but  this  line  is  not  at  all  distinctly  marked.  The  heavy 
pine  timber  of  the  valleys  did  not  seem  to  extend  much  beyond  the  altitude 
of  seven  thousand  feet,  and  terminated  gradually.  Beyond  this  were  irreg¬ 
ular  bunches  of  dwarfed  spruce;  but  the  greater  part  of  the  curved  ridges 
was  destitute  of  any  timber,  and  this,  together  with  the  reddish-brown  color 
of  the  bare  rock,  and  the  curious  shapes  it  has  assumed  under  the  effects  of 
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the  weather,  combined  to  give  an  exceedingly  wild  and  rugged  appearance 
to  the  whole  landscape. 

Reconnaissances. — Trails  passed  over,  outside  the  belt  of  accurate  sur¬ 
vey,  were  approximately  surveyed.  The  basis  of  the  survey  was  the 
astronomical  position  of  the  various  camps,  where  observations  were  taken, 
on  north  and  south  stars  for  latitude,  and  east  and  west  stars  for  time.  The 
trail  generally  began  and  ended  at  points  accurately  known,  and  thus  we 
had  the  means  of  determining  the  traveling  rate  of  the  chronometers.  Be¬ 
tween  the  camps  the  courses  were  kept  by  a  six-inch  vernier  compass, 
mounted  on  a  jackstatf.  Two  light  spring-carts  were  employed,  one  carry¬ 
ing  a  man  to  set  up  flags  on  prominent  points,  and  the  other  the  assistant 
with  the  compass,  who  sighted  on  the  flags  and  sketched  the  topography. 
The  distance  was  derived  from  odometer  measurements.  The  courses  and 
distances  were  plotted,  and  then  adjusted  to  agree  with  the  astronomical 
work.  The  trails  thus  reconnoitered  were,  in  1873,  from  the  Mouse  Biver 
to  Fort  Totten;  in  1874,  from  the  Missouri  to  the  Boundary  along  the 
two  branches  of  Poplar  Biver,  the  Meridian  trail  to  Fort  Shaw,  the  Bip- 
linger  road  from  the  Boundary  to  Fort  Shaw,  and  the  stage  road  from 
Fort  Shaw  to  Fort  Benton.  In  addition  to  this,  a  reconnaissance  of  the 
course  of  the  Missouri  Biver  was  made  while  descending  that  stream  in 
boats,  in  September,  1874.  The  astronomical  camps,  as  before,  were  con¬ 
sidered  as  fixed  points ;  the  courses  between  them  were  kept  by  compass- 
readings,  and  the  distance  was  obtained  from  a  record  of  the  time  combined 
with  estimates  of  the  velocity  of  the  current,  based  upon  some  rouglTmeas- 
urements  by  floats.  To  adjust  the  com  pass- work  to  conform  to  the  astro¬ 
nomical  positions,  the  co-ordinates  were  first  computed  and  summed  alge¬ 
braically  between  camps. 


Let  us  suppose  that  the  result  is  a  b  and  b  c,  and  that  the  astronomical 
co-ordinates  are  a  B  and  B  C  ;  each  course  is  then  corrected  in  azimuth  by 
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the  angle  c  a  C,  and  multiplied  by  a  “factor  of  distance”  representing  the 
ratio  of  a  c  to  a  C ;  the  co-ordinates  are  then  recomputed,  and  their  sum  is 
found  equal  to  a  B  and  B  C. 

The  “factor  of  distance”  varied  from  0.85  at  Fort  Benton  to  0.57  near 
Bismarck,  showing  that  the  velocity  of  the  current  was  always  overestimated, 
and  more  at  the  lower  part  of  the  stream  than  the  upper ;  the  mean  was  0.66. 
Our  estimated  distance,  from  Fort  Benton  to  Bismarck,  was  one  thousand 
two  hundred  and  eighteen  miles,  agreeing  closely  with  that  of  the  steam¬ 
boat  men;  but  the  adjusted  survey  reduces  this  to  805.4  miles. 

It  is  believed  that  this  reconnaissance  is  more  accurate  than  any  other 
of  its  predecessors,  particularly  in  the  matter  of  longitudes  I  got  good 
observations  at  fifteen  of  the  seventeen  intermediate  camps,  and  had  six 
chronometers  to  get  the  longitudes.  The  longitude  of  Fort  Benton  was 
fixed  by  an  accurate  reconnaissance  from  the  Boundary-line.  That  of  Bis¬ 
marck  had  been  determined  by  telegraph  From  observations  at  these 
points  I  deduced  the  traveling-rates.  The  most  important  change  from 
previous  maps  is  in  the  longitude  of  the  mouth  of  the  Muscle  Shell  River, 
near  which  we  camped.  We  move  the  mouth  to  longitude  107°  53'  18“ 
from  108°  08'  52",  as  given  on  the  engineer  map  of  the  Department  of 
Dakota. 

The  information  gained  from  these  various  reconnaissances,  and  those 
made  by  other  parties  of  the  survey,  has  been  combined  to  make  the 
reconnaissance  maps.  The  land-office  plats  of  the  Canadian  Dominion  and 
the  United  States  have  been  utilized  to  fill  up  the  blanks  near  Red  River 
and  the  headwaters  of  Sun  River.  Your  reconnaissances  in  1869,  in 
Dakota,  have  also  been  used.  The  rest  of  the  map  is  our  own. 

In  the  appendix  is  a  summary  of  the  astronomical  work. 

Construction  of  maps. — In  the  field,  the  topographical  note-books  were 
forwarded  to  me  by  the  assistants  in  charge  of  small  parties.  The  lines 
were  then  platted  on  a  scale  of  ^4^,  upon  protractor  sheets,  and  the  topog¬ 
raphy  filled  up.  It  was  not  always  possible  to  keep  these  field-plats  up 
to  the  work  in  the  field,  but  they  were  completed  at  once  on  returning 
to  the  office.  After  the  stadia-notes  had  been  reduced  and  adjusted,  they 
were  plotted  by  co-ordinates  upon  forty-five  sheets  of  super-royal  paper, 
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on  a  scale  of  1  mile  —  1  inch,  or  — L.  The  topography  was  filled  in  by 
reducing  from  the  field-plats.  This  formed  the  preliminary  series  of  maps, 
and  represented  a  belt  of  country  five  miles  in  width,  on  the  United  States 
side  of  the  line,  and  extending  from  Rainy  River  to  the  summit  of  the 
Rocky  Mountains.  Photolithographic  copies  of  these  were  made  as  soon 
as  they  were  finished,  and  these  copies  were  furnished  to  the  British 
Commission.  They,  in  turn,  furnished  us  with  tracings  of  a  similar  set  of 
maps,  showing  their  surveys  on  the  northern  side  of  the  Boundary.  From 
these  two  sets  of  preliminary  maps  the  final  joint  series  has  been  con¬ 
structed,  on  a  scale  of  1  inch  —  2  miles,  or  jU^o,  the  reduction  being  made 
by  squares.  There  are  twenty-four  sheets  in  this  series.  In  both  series 
the  projection  used  was  the  polyconic.  The  forty-ninth  parallel  at  Lake  of 
the  Woods  being  taken  as  the  central  parallel,  each  sheet  was  projected 
with  reference  to  its  own  central  meridian,  and  the  parallel  shown  on  the 
map  was  the  parallel  actually  marked,  including  station -errors. 

The  reconnaissance  notes  were  reduced  and  adjusted  in  a  similar  man¬ 
ner,  and  then  plotted  on  protractor  sheets,  on  a  scale  of  1  inch  =  4  miles,  or 
.  From  these,  a  reduction  was  made  by  squares,  to  a  scale  of  1  inch  — 
8  miles,  or  — Lg.  The  projection  was  polyconic, •  the  central  parallel  being 
48°  15',  and  each  sheet  being  projected  with  reference  to  its  own  central 
meridian;  the  borders  being  rectangular,  the  sheets  join  on  the  parallel  of 
47°  30',  and  overlap  on  the  parallel  of  49°. 

Each  sheet  is  20.54  by  15  inches.  Six  of  these  sheets  show  the  general 
outlines  of  the  topography  from  the  Rocky  Mountains  to  the  Lake  of  the 
Woods,  and  between  the  parallels  of  47°  30'  and  49°  10'.  The  seventh 
sheet  is  a  profile  along  the  boundary.  The  data  for  this  are  the  barometric 
heights  at  the  United  States  astronomical  stations,  the  trigonometric  altitudes 
on  the  United  States  tangents,  and  accurate  leveling  for  forty-five  miles 
west  of  the  Lake  of  the  Woods.  The  horizontal  scale  of  this  sheet  is  1 
inch  =  8  miles,  to  agree  with  the  others,  and  the  vertical  scale  1  inch  — 
2,000  feet. 
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CHAPTER  III. 

OPERATIONS  DURING  THE  WINTER  OP  1  873->74. 

The  experience  gained  in  carrying  on  a  survey  in  the  depths  of  winter, 
in  a  locality  where  the  temperature  reached  a  point  50°  below  zero,  was  of 
such  a  novel  character  that  I  think  a  somewhat  detailed  account  of  it  will 
not  be  out  of  place. 

As  previously  stated,  on  the  conclusion  of  the  summer’s  work  at  Fort 
Totten,  you  directed  me,  October  24,  1873,  to  proceed  to  Fort  Pembina 
with  my  parties,  and  complete  the  geodetic  and  topographical  work  between 
the  Red  River  and  the  Lake  of  the  Woods;  and  to  adopt,  without  examin¬ 
ation,  the  intermediate  astronomical  stations  observed  by  the  British  parties 
during  the  preceding  winter.  These  two  stations  were  at  West  Roseau  and 
Pine  Ridge,  about  twenty  and  fifty-six  miles  respectively  from  Pembina;  and, 
together  with  the  joint  stations  at  Pembina  and  Lake  of  the  Woods,  made 
four  stations  in  eighty-nine  miles.  The  British  parties  had  also  made  topo- 
g’raphical  surveys  of  the  six-mile  belt  on  their  side  of  the  line,  had  cut 
sight-lines  for  their  tangents,  and  had  marked  the  parallel  for  thirty-one 
miles  from  the  Lake  of  the  Woods. 

We  left  Fort  Totten  on  the  25th  and  arrived  at  Fort  Pembina  on  the 
29th  of  October.  The  greater  part  of  this  journey  was  over  an  open 
prairie  from  which  the  grass  had  been  burned,  and  was  made  in  the  face  of 
a  northerly  snow-storm.  As  we  were  insufficiently  clad,  having  only  the 
ragged  remains  of  the  summer’s  outfit,  we  suffered  considerably — more 
perhaps  than  during  the  rest  of  the  winter. 

On  arriving  at  Pembina  I  immediately  began  to  reorganize  the  parties 
and  provide  their  outfit  for  the  winter.  I  hired  enough  additional  men  to 
carry  the  total  strength  up  to  forty-seven ;  of  these,  eight  were  teamsters 
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and  seven  dog-drivers,  the  rest  being  divided  into  a  tangent-party  and  two 
stadia-parties. 

The  outfit  to  be  provided  included  transportation,  clothing,  snow-shoes, 
forage,  rations,  tent-stoves,  and  iron  tent-pins.  It  was  also  necessary  to  over¬ 
haul  the  tents,  tools,  and  instruments,  which  had  been  in  constant  use  through¬ 
out  the  summer,  and  were  all  in  need  of  repairs 

The  best  form  of  transportation  was  a  subject  upon  which  I  asked  the 
opinion  of  the  settlers  in  the  Red  River  Valley  and  the  officers  of  the  British 
Commission.  I  found  that  what  was  commonly  used  in  freighting  along  the 
Red  River  country  in  winter,  on  hard  roads,  was  either  wagon-beds  mounted 
on  runners  or  single  ox-sleds ;  farther  north,  around  Lake  Winnipeg  where 
there  are  no  roads,  dog-sleds  are  in  universal  use.  The  English  officers 
advised  me  strongly  to  procure  dog-sleds  at  once,  giving  it  as  their  opinion, 
based  upon  their  experience  of  the  previous  winter,  that  large  animals  could 
not  make  their  way  through  the  swamps.  I  thought  it  best,  however,  to 
give  the  mules  a  trial.  I  had  four  government  wagons  (six  mules  each),  an 
ambulance  (four  mules),  and  three  hired  teams,  two  of  which  were  drawn 
by  two  mules  each,  and  the  other  by  a  pair  of  oxen.  After  some  difficulty 
I  succeeded  in  procuring  about  Pembina  a  sufficient  number  of  second¬ 
hand  sleigh-runners,  known  by  the  freighters  as  “  Maineite  bobs,”  for  all 
the  wagons.  These  were  repaired  and  fitted  with  new  tongues  for  long 
teams,  and  they  answered  the  purpose  very  well.  On  hard  roads  the  wagons 
were  loaded  as  high  as  six  thousand  pounds,  and  the  mules  found  no  trouble 
in  drawing  them.  Even  in  soft  snow  there  was  no  trouble  in  hauling  as  much 
as  could  be  loaded  in  the  wagons,  provided  the  animals  could  find  a  hard 
footing  under  the  snow.  In  following  the  winding  roads  through  the  woods 
great  care  was  required  in  driving  the  long  teams  (six  mules),  and  even  this 
was  not  always  sufficient  to  keep  clear  of  the  trees.  At  the  end  of  every 
trip  one  or  more  bobs  would  be  broken ;  fortunately  there  was  plenty  of  oak 
and  ash  available  for  repairs,  for  during  the  winter  the  wood-work  of  every 
set  of  bobs  had  to  be  replaced.  The  mules  withstood  the  extreme  cold  very 
well.  They  were  occasionally  allowed  to  run  loose  during  the  day,  but  at 
night  were  always  tied  up  in  the  shelter  of  the  thickest  brush  at  hand,  but 
without  any  covering.  Their  forage  allowance,  as  was  to  be  expected,  had 
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to  be  largely  increased.  Of  hay,  each  mule  consumed  about  forty  pounds 
per  day  as  food  and  bedding,  an  ample  supply  having  been  cut  and  stacked 
for  our  use  during  the  summer.  There  was  no  corn  to  be  had  in  the  country, 
and  their  grain  was  oats,  wheat,  and  barley.  Of  this  they  consumed  daily 
about  twelve  and  one-quarter  pounds  each;  an  allowance  greater  by  one- 
third  than  the  Army  ration,  and  more  than  twice  as  large  as  we  had  been 
feeding  during  the  summer.  I  could  detect  no  sickness  or  signs  of  weak¬ 
ness  among  the  mules,  and  at  the  close  of  the  season  they  were  in  nearly 
as  good  condition  as  at  the  beginning.  Their  superiority  over  oxen  was 
clearly  proved,  as  I  had  an  ox-team  with  Mr.  Doolittle’s  party.  Their 
greatest  daily  travel  was  eighteen  miles,  against  forty-four  for  the  mules. 
At  the  close  of  the  season  they  could  only  make  eight  miles  a  day,  and 
were  abandoned  by  their  owner,  whereas  the  mules  carried  us  from  Pem¬ 
bina  to  Georgetown,  one  hundred  and  forty  miles,  over  a  heavy  road,  in 
live  days.  With  these  heavy  teams  I  was  enabled  to  get  all  the  supplies 
for  the  winter  transported  to  a  depot  at  Point  d’Orme,  on  the  Poseau  Piver, 
thirty-three  miles  from  Pembina.  I  also  used  them  for  camp  transportation 
until  we  came  to  the  edge  of  the  Great  Roseau  Swamp,  about  midway  be¬ 
tween  Red  River  and  the  Lake  of  the  Woods.  I  tried  an  empty  sleigh  on 
this  swamp,  and,  in  so  doing,  mired  the  mules  to  their  bellies,  and  lamed 
one  quite  badly.  To  my  great  surprise  it  was  found  that  the  swamp  was 
not  frozen  at  all,  in  spite  of  the  fact  that  we  had  already  had  the  thermom¬ 
eter  down  to  35°  below  zero.  The  explanation  of  it  was  soon  discovered. 
The  swamp  is  covered  with  a  tall  and  strong  grass.  Before  the  cold  weather 
had  come  there  had  been  a  heavy  fall  of  snow,  which  had  bent  down  the 
tops  of  the  grass,  but  not  into  the  water;  the  swamp  was  then  covered,  as 
with  a  blanket,  with  a  foot  or  more  of  snow,  separated  from  the  water  by 
a  stratum  of  air.  It  formed  a  perfect  protection  for  the  water,  whose  tem¬ 
perature  was  slightly  above  the  freezing-point. 

The  swamp  being  thus  impassable  for  the  teams,  I  took  them  back  to 
Point  d’Orme,  and  thence  followed  up  the  Roseau  River  on  the  ice,  which 
was  about  eighteen  inches  thick,  to  Roseau  Lake,  and  thence  up  to  the  Pine 
Ridge  Station.  But  as  it  was  essential  that  the  tangent  should  be  carried 
across  the  swamp,  it  was  necessary  to  provide  some  sort  of  transportation 
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for  Mr.  Wilson  and  a  small  party.  To  this  end  T  had  the  carpenters  make 
in  camp  three  “tobogans”  or  flat  trains,  each  to  be  driven  by  a  single 
animal.  These  tobogans  were  made  of  two  pine  boards,  fastened  side  by 
side  with  transverse  cleats,  and  sprung  up  in  front  by  hot  water.  This  made, 
in  fact,  a  rude  sledge,  twelve  by  two  feet.  Its  load  was  packed  after  the 
fashion  of  a  dog-sled.  Before  taking  an  animal  on  the  swamp  it  was  neces¬ 
sary  to  prepare  a  road.  To  do  this  a  party  of  men  were  sent  ahead  on  snow- 
shoes,  and  by  passing  and  repassing  over  the  same  ground  the  snow  was 
packed  and  pressed  into  the  water;  it  instantly  froze,  and  in  a  few  minutes 
was  hard  enough  to  hold  several  tons,  and  there  was  no  danger  of  its  thaw¬ 
ing  for  the  next  five  months.  Mr.  Wilson  crossed  his  outfit  in  this  way,  and 
as  the  route  was  much  shorter  than  by  the  river,  I  had  the  road  widened  by 
the  same  process  of  packing,  and  it  was  used  by  the  large  teams  to  bring 
supplies  up  to  Pine  Ridge  Station.  It  was  not  a  very  safe  road,  however, 
for  the  drifting  snow  soon  filled  it  up  to  the  level  of  the  surrounding  coun¬ 
try.  It  was  not  distinguishable  by  the  eye,  and  had  to  be  followed  by  feel¬ 
ing,  the  road  being  hard,  and  the  rest  very  soft  snow.  If,  by  any  careless¬ 
ness,  a  sleigh  got  a  runner  off  the  road  and  in  the  soft  snow,  the  whole  was 
instantly  upset,  and  it  required  several  hours  to  right  it  again.  This  mishap 
occurred  two  or  three  times. 

Beyond  Pine  Ridge  the  dense  windfall  along  the  line  rendered  the  use 
of  large  sleighs  quite  impossible.  By  following  the  ice  on  the  streams, 
however,  I  managed  to  carry  forward  enough  supplies  to  form  a  depot  on 
the  main  East  Roseau  River,  about  ten  miles  north  of  the  line,  and  about 
thirty  miles  from  the  Lake  of  the  Woods  station. 

Beyond  this  depot  dog-sleds  were  absolutely  necessary,  and  I  procured 
six  of  them  from  Pembina,  at  a  cost  of  about  $80  for  each  train  complete, 
including  dogs.  The  dog-sled  used  in  the  Saskatchewan  and  Hudson’s 
Bay  country,  consists  of  a  straight  piece  of  hickory,  or  ash  board,  about 
half  an  inch  thick,  ten  feet  long  and  ten  inches  wide.  The  front  end  is 
bent  up,  in  the  form  of  a  curl,  by  steam.  There  are  five  transverse  cleats 
which  prevent  the  sled  from  splitting,  and  afford  points  to  which  are  attached 
the  loops  of  buffalo  thong  used  in  lashing.  To  pack  the  sled,  a  wrapper 
made  of  moose-skin  is  laid  out  flat  across  the  sled  and  the  load  is  placed  on 
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it,  as  compactly  as  possible;  the  wrapper  is  then  folded  over  and  the  lash- 
rope  is  passed  through  the  loops  on  either  side  in  succession,  from  front  to 
rear,  and  tightly  fastened.  The  team  generally  consists  of  four,  or  some¬ 
times  five  dogs,  which  are  driven  tandem.  The  pure  Esquimaux  dog  is  the 
best.  His  fur  resembles  that  of  a  grizzly  bear  in  length  and  color,  and  he 
weighs  from  seventy  to  one  hundred  and  twenty-five  pounds,  and  is  short 
and  thick  set.  I  had  only  three  of  these  in  the  whole  number,  the  rest 
being  a  motley  collection  of  large  curs  of  all  kinds — the  only  requisite 
being  strength.  They  averaged  about  eighty  pounds  in  weight,  were  soon 
broken  to  harness,  and  worked  very  well.  The  most  important  dog  in  the 
team  is,  of  course,  the  leader.  If  he  is  intelligent  and  willing,  all  goes 
well;  if  not,  there  is  always  trouble  and  often  disaster.  The  harness  con¬ 
sists  of  a  light  collar  of  moose-leather,  padded  with  hair  around  a  piece  of 
one-fourth-inch  iron,  a  pair  of  traces,  and  back  and  belly  bands.  Decora¬ 
tions  in  the  shape  of  bells,  fancily  worked  cloth  covering  the  back,  flags, 
&c.,  are  added,  according  to  the  taste  and  means  of  the  owner.  The  drivers 
which  I  had  were  all  half-breeds  from  Pembina.  They  were  lazy  and 
unreliable,  and  apparently  very  cruel  to  the  dogs;  but  they  got  a  great 
deal  of  work  out  of  them,  and  were  themselves  capable  of  great  endurance 
in  running,  and  possessed  of  enormous  gastronomic  powers.  The  art  of 
driving  dogs  consists  in  the  adroit  use  of  a  whip,  with  a  short  stock,  but 
stout  lash  about  six  feet  long,  and  in  an  unbroken  volley  of  oaths  in  bad 
French.  When  traveling  on  a  well-beaten  road,  the  leader  keeps  the  road, 
and  the  driver  follows  at  a  half  trot,  in  rear  of  the  sled,  cracking  his  whip 
and  shouting  to  the  dogs.  Occasionally  he  thinks  they  are  lagging,  and  he 
runs  out,  alongside  the  team,  and  gives  each  dog  a  sound  welting  and 
cursing,  beginning  with  the  leader;  the  howling  of  the  dogs  and  the  shout¬ 
ing  of  the  driver  makes  a  very  lively  scene,  for  the  time,  but  everything 
soon  quiets  down  again.  The  cruelty  of  the  drivers  is  more  apparent  than 
real,  for  the  dogs  begin  to  howl  as  soon  as  they  see  the  whip,  and  as  their 
fur  is  nearly  six  inches  long,  it  takes  a  good  stroke  to  make  any  impression. 
Occasionally,  however,  their  cruelty  is  outrageous,  and  they  beat  their  dogs 
for  several  minutes  in  succession.  I  saw  one  driver — not  in  my  employ — 
cut  off  a  dog’s  ear  with  his  whip,  and  as  several  of  the  dogs  were  minus  an 
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ear  when  they  came  to  me,  I  suppose  the  practice  is  not  uncommon.  Some, 
also,  had  lost  the  sight  of  one  eye,  which  was  said  to  be  due  to  the  same 
cause.  On  good  roads  such  as  ice,  hard  crust,  or  well-packed  snow,  the 
do£S  will  travel  along1  at  about  four  miles  an  hour  for  ten  or  twelve  hours 
without  showing  fatigue,  and  carry  a  load  of  about  four  hundred  pounds 
per  sled.  In  soft  snow  where  there  is  no  road  the  difficulties  of  this  mode 
of  travel  are  alternately  ludicrous  and  vexatious  beyond  all  patience.  Every 
one  has  then  to  put  on  snow-shoes,  and  one  man  goes  ahead  to  break  the 
road;  the  dogs  tug  along  after  him  for  a  few  hundred  yards  when  the  sled 
is  brought  to  a  stand-still  by  some  twig  which  has  caught  fast  in  the  lash¬ 
ing;  the  dogs  lie  down  to  rest  with  perfect  unconcern,  and  the  driver  has 
to  maneuver  round  the  sled  (no  easy  matter  with  snow-shoes)  and  disengage 
the  lashing,  give  the  sled  a  start  and  a  few  cuts  to  the  dogs.  After  a  few 
of  these  mishaps  the  lashing  becomes  loose  and  the  pack  begins  to  oscillate ; 
if  passing  over  windfall  (sometimes  as  high  as  the  shoulder)  one  dog  slips 
between  two  logs,  the  sled  oscillates  for  a  second  on  top  of  a  log,  and  then 
falls  bottom  side  up,  and  to  crown  all,  the  driver  slips  astride  of  a  log,  and 
tripping  on  his  snow-shoe,  is  precipitated,  head  first,  into  the  snow.  Then 
it  is  necessary  for  the  whole  train  to  stop,  first  extricate  the  driver,  then  right 
the  sled,  take  off  the  load  and  entirely  repack  it — an  operation  requiring  a 
half  hour,  at  the  least.  On  such  roads  the  speed  is  reduced  to  about  two 
miles  an  hour,  and  the  load  to  about  two  hundred  pounds.  The  dogs  require 
but  little  care.  Arrived  in  camp,  they  are  unharnessed  and  chained  to  the 
nearest  bush;  here  they  curl  up  and  burrow  in  the  snow,  and  sleep  com¬ 
fortably  until  required  for  work  again.  Often,  in  the  morning,  after  a  heavy 
fall  of  snow,  nothing  is  visible  but  their  noses.  Their  food  is  a  pound  of 
pemmican  per  day.  This  is  chopped  off  with  a  hatchet,  and  thrown  to 
them  in  one  lump  about  sundown,  or  at  the  close  of  the  journey.  If  pem¬ 
mican  cannot  be  had,  they  are  fed  on  fish  (about  three  pounds),  or  meat,  or, 
in  fact,  anything  available.  They  are  great  thieves,  and  should  never  be 
allowed  to  run  loose  about  camp.  Occasionally  one  will  manage  to  slip  his 
collar,  and  make  way  with  ten  pounds  of  meat  during  the  night.  They 
are  never  fed  before  starting  on  a  journey,  as  it  makes  them  lazy.  They 
eat  snow  for  water,  and  on  the  regular  daily  meal  of  a  pound  of  pemmican 
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keep  in  good  condition.  Those  tnat  I  had  gained  about  ten  per  cent,  in 
weight  during  the  winter. 

On  account  of  the  extremely  cold  weather  the  men  were  all  supplied 
with  a  suit  of  outside  clothing,  at  a  cost  of  $24  each.  It  consisted  of — 

Ilead-gear — a  close-fitting  skull-cap,  made  of  two  thicknesses  of  blanket, 
and  lined  with  flannel.  Sewed  to  this  was  a  havelock,  also  of  blanket,  reach¬ 
ing  to  the  shoulders,  and  fastening  under  the  nose.  This  left  only  the  eyes 
and  nose  exposed.  In  addition  to  this  the  men  generally  wrapped  around 
the  face  and  ears  a  heavy  scarf  of  some  kind,  as  it  was  found  that  in  a  wind, 
on  the  open  swamps,  the  ears  were  frozen  through  the  blanket-cap. 

Sack-coat — of  buffalo-leather,  made  loose,  and  fastened  around  the 
waist  by  a  scarf. 

Trowsers — of  buffalo-leather,  made  “  barn-door  fashion”  to  keep  out 
the  wind.  The  coat  and  trowsers  for  myself  and  assistants  were  made  of 
moose-leather,  which  is  closer  and  keeps  out  the  wind  better.  Its  cost  is 
about  double  that  of  buffalo-leather. 

Mittens — of  moose-leather,  lined  with  blanket,  with  gauntlets  reaching 
to  the  elbow.  These  were  made  large  so  that  a  pair  of  gloves  might  be 
worn  inside  of  them,  but  this  was  not  found  desirable.  The  mittens  were 
suspended  from  the  neck  by  a  string. 

Foot-covering — early  in  the  season,  Avliile  the  snow  was  wet,  I  tried 
the  Fort  Garry  “  beef-packs,”  but  when  the  thermometer  began  to  get  down 
in  the  twenties  below  zero,  these  were  useless,  as  the  leather  froze  as  stiff 
as  iron.  I  then  procured  moccasins  for  the  whole  party.  They  were  made 
after  the  Sioux  pattern,  and  several  sizes  too  large.  The  ordinary  covering 
for  the  foot,  throughout  the  rest  of  the  winter,  consisted  of  one  or  two  pairs 
of  woolen  socks,  then  a  pair  of  “neeps”  (slippers  made  of  blanket),  then 
a  square  piece  of  blanket  wrapped  several  times  around  the  foot  from  heel 
to  toe ;  finally  the  moccasin  was  put  on,  more  to  keep  the  blanket  and  slip¬ 
per  in  place  than  for  any  other  purpose.  This  method  of  covering  proved 
to  be  a  perfect  protection  to  the  foot,  provided  care  was  taken  to  always 
have  a  dry  pair  of  moccasins  and  stockings  on  hand.  The  feet  often  got 
wet  in  moving  about  a  fire,  and  to  start  out  on  a  journey  with  wet  stockings 
was  to  insure  the  freezing  of  the  feet. 
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The  trowsers  were  always  tied  tightly  around  the  ankle  to  keep  out 
the  snow,  and,  in  addition,  Ave  sometimes  wore  leggins  made  of  moose- 
leather  or  of  blanket — the  latter  being  preferable,  as  the  snow  did  not  soak 
into  it  as  into  leather. 

The  leather  clothing  was  worn  over  a  suit  of  woolen  clothes  and  two 
or  three  suits  of  woolen  underclothes.  In  the  woods  where  the  wind  could 
have  no  force,  it  formed  a  perfect  protection,  and  the  men  worked  cheer¬ 
fully  and  lustily  in  temperatures  of  20°  and  25°  below  zero.  But  on  the 
open  swamp,  a  temperature  of  — 5°  accompanied  by  a  wind  was  sufficient 
to  put  a  stop  to  all  stationary  work,  such  as  mounding,  &c.  The  building 
of  the  mounds  across  the  Great  Roseau  Swamp  occupied  about  ten  days, 
whereas  there  was  not  more  than  three  days’  real  work  in  it ;  but  the  men 
could  not  work  more  than  an  hour  or  two  at  a  time,  and  on  some  days  could 
not  work  at  all. 

We  traveled  across  open  places,  however,  in  all  sorts  of  weather,  but 
it  was  accompanied  with  considerable  suffering,  with  frozen  ears,  noses,  and 
fingers,  with  icicles  hanging  from  the  beard,  and  the  eyelashes  closed  from 
time  to  time  with  ice.  Our  snow-shoes  were  kindly  procured  for  us,  from 
Montreal,  by  the  British  Commissioner.  They  were  well  made,  but  rather 
small  and  light  for  our  work  among  brush  and  windfall.  They  generally 
broke  at  the  point  where  the  sides  meet,  near  the  rear  end,  and  at  the  close  of 
the  season  not  one  in  fifteen  pairs  was  fit  for  use.  They  measured  forty 
inches  in  length,  and  sixteen  inches  in  width  at  the  widest  part,  and  weighed 
one  and  one-half  pounds  each.  Those  made  and  used  by  the  Indians  about 
the  Lake  of  the  Woods  measured  sixty  to  seventy  inches  in  length,  fifteen 
inches  in  width,  and  weighed  three  and  three-quarter  pounds.  The  sticks 
of  which  they  are  made  are  an  inch  in  cross-section,  and  will  easily  bear  the 
weight  of  a  man  without  breaking  when  caught  on  a  stump. 

In  regard  to  supplies  of  rations  and  forage,  I  had  expected  to  purchase 
them  from  the  commissary  and  quartermaster  at  Fort  Pembina,  but  he  could 
only  spare  me  ten  thousand  pounds  of  grain,  and  no  rations.  It  therefore 
was  necessary  to  procure  everything  from  the  Hudson’s  Bay  and  other 
stores  about  Pembina.  The  supplies  were  of  excellent  quality,  but  the 
rations  cost  15  per  cent,  and  the  forage  <10  per  cent,  more  than  the  govern- 
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ment  price.  The  camp-equipage  was  thoroughly  overhauled  and  repaired 
as  soon  as  we  arrived  at  Pembina.  For  heating  the  tents  I  had  with  me  six 
Sibley  stoves.  In  addition  to  these  I  had  the  blacksmith  make  eight  box- 
stoves  of  light  sheet-iron,  14X19X12  inches,  and  the  necessary  pipe. 
This  gave  one  stove  to  nearly  every  tent,  and  some  of  the  men’s  tents  were 
joined  together,  end  to  end,  so  as  to  make  one  stove  heat  both.  These  box- 
stoves,  although  more  difficult  to  transport,  were  in  every  other  way  supe¬ 
rior  to  the  Sibley.  Water  and  dishes  could  be  heated  on  them,  which  was 
a  very  important  consideration  when  everything  metallic  was  so  cold  in  the 
morning  that  it  could  not  be  held  with  the  naked  hand.  Moreover,  we  were 
often  dependent  on  snow  for  water,  and  required  some  place  to  melt  it,  and, 
worst  of  all,  we  sometimes  encamped  on  a  frozen  swamp  where  the  fire  in 
a  Sibley  stove  would  melt  the  ice,  which,  in  turn,  would  extinguish  the  fire. 
Great  care  was  required  in  guarding  against  fire  with  so  many  stoves.  In 
spite  of  our  caution,  during  the  winter  two  tents  were  entirely  destroyed, 
with  a  considerable  amount  of  clothing  and  bedding,  and  every  tent  we  had 
was  more  or  less  punctured  with  spark-holes. 

Wooden  tent-pins  were  useless  in  the  hard-frozen  ground.  The  iron 
pins  were  very  good,  but  many  of  them  were  lost  in  the  snow,  the  men 
being  rather  careless  about  them,  since  we  always  camped  in  thickets 
where  the  ropes  could  be  secured  to  a  bush  or  tree. 

The  tents,  thus  arranged,  and  banked  with  three  feet  of  snow  on  the 
outside,  were  very  comfortable — that  is,  the  temperature,  during  the  day, 
was  35°  or  40°  against  — 20°  outside,  and  this,  with  our  thick  clothing, 
was  sufficient.  I  do  not  remember  hearing  a  single  complaint  all  winter  of 
loss  of  sleep  from  cold,  even  when  the  nights  were  as  cold  as  45°  below 
zero.  With  the  large  Hudson  Bay  blankets  the  men  used  to  make  a  bed 
stretching  across  the  tent,  about  eight  thicknesses  of  blanket  under  them, 
and  four  thicknesses  of  blanket  and  a  buffalo-robe  over  them,  the  whole 
well  tucked  in  on  the  sides  and  ends.  In  this  four  men  slept.  Myself  and 
assistants  slept  separately,  and  each  had  a  bag  of  buffalo-leather,  eight  feet 
long,  and  about  the  same  in  circumference.  This  was  surrounded,  above 
and  below,  by  several  thicknesses  of  blanket,  and  the  whole  was  strapped 
up  in  the  canvass  bed-cover.  On  first  getting  into  it  it  was  very  cold,  and 
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it  required  half  an  hour  for  the  heat  of  the  body  to  warm  it.  After  that  we 
slept  without  interruption  till  daylight. 

While  the  preparations  for  the  winter  were  being  made  at  Pembina 
the  parties  were  not  idle.  The  third  day  after  our  arrival  enough  leather 
suits  were  finished  to  clothe  Mr.  Doolittle’s  party,  and  a  few  nights  before 
the  thermometer  had  suddenly  gone  several  degrees  below  zero,  freezing  the 
river  to  a  depth  of  more  than  a  foot,  and  rendering  a  crossing  very  simple; 
consequently  I  started  him  out,  November  4,  to  begin  topographical  work  at 
the  twelve-mile  ridge.  From  there  he  worked  on  to  the  east,  and  arrived 
at  the  Roseau  River,  where  I  visited  him  on  the  23d,  and  directed  him  to 
survey  the  course  of  that  river  on  the  ice,  and  close  his  line  on  the  Pine 
Ridge  Station.  We  all  met  there  on  the  15th  December. 

About  the  5th  November  I  moved  the  other  parties  from  Fort  Pembina 
to  the  east  bank  of  the  Red  River,  near  the  Hudson’s  Bay  post ;  here  I  ob¬ 
served  for  azimuth,  and  began  to  trace  the  tangent  eastward,  and  Mr.  Wil¬ 
son  and  Mr.  Downing  made  topographical  surveys  in  the  neighborhood.  At 
the  same  time  I  sent  out  about  twenty  thousand  pounds  of  supplies  to  form  a 
depot  near  Point  d’Orme,  on  the  Roseau  River.  About  the  20th  November 
I  finished  the  first  tangent,  and  moved  the  parties  to  Lieutenant  Galwey’s 
Station  at  Roseau  Ridge.  The  thermometer  had  already  been  down  in  the 
minus  twenties,  and  the  winter  was  fairly  begun.  Nearly  everything  in  the 
commissariat  line  was  frozen  hard.  The  beef  had  to  be  sawed  off  in  slabs 
like  limestone;  vinegar,  if  left  in  an  open  vessel,  had  to  be  chopped  out 
with  a  hatchet ;  several  novices  attempted  to  drink  out  of  metallic  cups 
without  first  warming  them  in  water,  and,  as  a  result,  left  the  skin  of  their 
lips  on  the  cups ;  the  dark  mules  were  white  and  glistening  with  frost  in 
the  morning ;  and  various  other  novel  and  amusing  effects  of  a  minimum 
temperature  were  witnessed.  At  this  station  I  observed  for  azimuth  on 
three  nights  when  the  thermometer  was  20°  or  more  below  zero.  In  antici¬ 
pation  of  the  cohesion  of  the  parts  from  the  congealing  of  the  oil,  I  had 
previously  taken  each  instrument  apart  and  carefully  wiped  off  every  par¬ 
ticle  of  lubricant  with  warm  cotton  in  a  hot  room.  I  have  since  been  told 
that  black  lead  makes  an  excellent  lubricant  in  extremely  cold  weather, 
but  I  did  not  know  of  this  at  the  time,  and  it  was  hoped  that,  with  perfectly 
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clean  surfaces,  the  plates  would  not  adhere  to  each  other.  The  first  night’s 
work  was  very  unsatisfactory.  Out  of  six  sets  of  observations  three  had  to 
be  rejected,  and  the  remaining  three  had  a  range  of  over  lb  In  those  re¬ 
jected  the  readings  of  the  arc,  for  lamp  east  and  lamp  west,  differed  by 
several  degrees  from  each  other;  this  showed — as  the  lower  clamp  was  first 
and  the  upper  one  perfectly  loose — that,  in  turning  the  instrument  180°  in 
azimuth,  the  plates  had  held  fast  together  while  the  spindles  had  moved  one 
within  the  other.  Besides  this,  it  was  found,  on  examining  the  clamp  and 
tangent-motion,  that  when  the  tangent-screw  was  turned  away  from  the 
spring,  the  latter  did  not  follow  the  screw,  the  spindles  being  so  frozen  to¬ 
gether  that  the  spring  was  not  sufficient  to  move  them.  After  fixing  the 
cross-hairs  upon  any  object,  as  a  slow-moving  star,  the  tangent-screw  could 
be  moved  away  from  the  spring  until  nearly  out  of  its  socket,  and  still  the 
cross-hair  would  be  on  the  star,  when,  suddenly,  with  a  jump,  the  star  would 
leave  the  field  altogether.  The  weakness  of  this  spring  was  partially  rem¬ 
edied  by  strengthening  it  with  rubber  bands,  but  the  adhesion  of  the  spin¬ 
dles  could  not  be  prevented.  The  only  method  to  pursue  was  to  place  the 
azimuth  mark  as  nearly  as  possible  in  the  meridian  so  that  the  instrument 
would  have  to  be  turned  only  slightly  in  azimuth  during  the  observations ; 
then  make  a  set  of  observations  with  lamp  east — make  a  fresh  setting — and 
observe  with  lamp  west. 

The  meridian  mark  and  tangent  had  then  to  be  connected  by  a  long 
series  of  repetitions,  which  gave  very  discouraging  results,  the  only  re¬ 
source  being  to  take  a  great  number  of  readings,  and  reject  all  which 
differed  very  largely  from  the  mean. 

The  usual  number  of  sets  of  observations  for  azimuth,  in  the  summer, 
Avas  four,  and  the  range  of  them  averaged  34"  in  1873,  and  22"  in  1874. 
During  the  winter  it  was  found  necessary  to  take  from  eight  to  fifteen  sets, 
to  get  even  a  tolerable  result,  and  the  average  range  was  V  53".  These 
poor  results  Avere  all  the  more  discouraging  from  the  fact  that  they  involved 
so  much  labor,  and  such  great  personal  discomfort.  If  a  tangent  screw  Avas 
touched  with  the  bare  fingers  the  instantaneous  result  Avas  a  “  burn,”  and 
not  a  temporary  sensation,  but  one  like  that  from  a  hot  iron,  lasting  several 
minutes.  If  the  fingers  were  wet  the  metal  clung  to  them  so  tightly  that 
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it  could  only  be  removed  with  the  skin.  The  lamps  burned  about  fifteen 
minutes  before  the  oil  congealed  and  extinguished  them,  hence  it  was  neces¬ 
sary  to  have  duplicate  sets  at  the  mark  and  about  the  instrument,  one  set 
being  constantly  by  the  fire.  For  the  comfort  of  the  recorder,  and  as  a 
refuge  for  the  observer,  it  was  found  necessary  to  pitch  a  tent  within  a  few 
feet  of  the  instrument,  and  to  keep  a  bright  fire  in  it.  If  the  wind  blew  the 
smoke  in  the  direction  of  the  instrument  the  observations  had  to  cease,  for 
the  fire  was  essential  to  thaw  out  the  lamps,  keep  the  observer’s  fingers 
flexible,  and  occasionally  unfasten  his  eyelashes  stuck  together  with  frost. 
The  pain  in  the  eyes,  from  the  proximity  of  the  cold  eye-piece,  was  at 
times  very  severe,  and  occasionally  brought  tears,  which  congealed  in  little 
icicles  depending  from  the  eyelashes,  and  gave  the  face  a  comical  look, 
somewhat  like  that  in  the  children’s  pictures  of  Jack  Frost. 

The  chronometers  were  packed  in  straw  to  protect  them  as  much  as 
possible  from  sudden  changes  of  temperatures.  As  the  winter  went  on  the 
oil  gradually  thickened  and  the  rates  changed  from  about  — 2s  to  about 
—  10s,  but  on  the  whole  they  did  good  service,  the  change  being  gradual. 

After  returning  to  the  East  I  took  them  to  the  makers,  Messrs.  Negus 
&  Co.,  of  New  York,  who  said  that  these  sudden  changes  (say  from  — 35° 
outside  to  +40°  inside  a  tent)  had  injured  the  metal  of  some  of  the  more 
delicate  parts  so  much  that  they  had  to  be  replaced. 

The  topographical  parties  had  less  trouble  with  their  instruments,  as 
their  work  was  done  in  the  day-time,  when  the  thermometer  was  from 
20°  to  30°  higher  than  during  the  night.  The  accuracy  of  their  work 
(1  in  300)  was  nearly  equal  to  that  of  the  summer. 

Our  experience,  then,  proves  that  fair  topographical  work  can  be  done 
in  a  semi-arctic  climate,  and  that  astronomical  work  of  a  certain  sort  can 
also  be  done,  but  that  refinements  are  out  of  the  question.  While  at  Roseau 
Ridge  I  carried  the  tangent  eastward  thirteen  miles,  to  Point  d’Orme,  on  the 
Roseau  River,  Messrs.  Wilson  and  Downing  completing  the  topography,  and 
keeping  the  field-plots  up  with  the  surveys.  On  the  27th  of  November  we 
moved  over  to  Point  d’Orme,  and  I  left  Mr.  Wilson  here  to  make  the  neces¬ 
sary  azimuth  observations  and  to  carry  the  tangent  on  to  the  next  junction, 
at  the  forty-mile  point,  while  I  returned  to  Pembina  to  complete  the  pur- 
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chase  of  supplies  for  the  winter.  I  returned  to  camp  on  the  7th  December, 
and  we  immediately  moved  on  to  the  forty-mile  point,  and  made  a  snug 
camp  in  a  thick  grove  of  spruces.  Here  the  necessary  azimuth  observa¬ 
tions  and  horizontal  angles  were  taken,  and  then  Mr.  Wilson  was  left,  as 
previously  described,  with  a  small  party  and  two  “  tobogans,”  to  carry  the 
tangent  across  the  Great  Roseau  Swamp,  while  I  took  the  other  parties  and 
sleigh-train  around  the  swamp  by  the  ice  of  Roseau  River,  and  reached 
Pine  Ridge  Station  December  15.  All  the  parties  came  together  at  this 
point  the  next  day.  Mr.  Doolittle  was  then  provided  with  fresh  supplies 
and  some  “tobogans/'  and  directed  to  follow  the  ice  on  the  branches  of 
East  Roseau  River,  and  survey  their  courses  until  he  came  to  the  crossing 
of  the  boundary,  when  I  would  furnish  him  with  dogs,  and  he  could  com¬ 
plete  the  topography  to  the  Lake  of  the  Woods,  and  survey  its  shore-line 
to  Rainy  River. 

As  the  British  Commission  had  marked  the  boundary-line  between 
Pine  Ridge  and  the  Lake  of  the  Woods,  it  was  unnecessary  for  me  to 
retrace  their  tangents.  It  only  remained  to  examine  their  azimuths  at  one 
or  two  points.  Consequently,  I  left  the  greater  number  of  the  men,  ani¬ 
mals,  and  heavy  sleighs  with  Mr.  Wilson,  at  Pine  Ridge,  and  directed  him 
to  complete  the  topographical  work  in  that  neighborhood,  and  then  begin 
building  the  mounds  westward.  Mr.  Downing  remained  at  the  same  point, 
to  finish  the  field-plats.  The  dog-trains  arrived,  about  this  time,  from  Pem¬ 
bina,  and  I  loaded  them  and  a  few  tobogans  with  enough  supplies  to  last 
a  month  for  the  few  men  I  took  with  me,  and  for  Mr.  Doolittle’s  party. 
With  these  I  went  eastward,  about  twenty-five  miles,  and  found  a  good 
location  for  a  small  depot  on  the  East  Roseau  River,  about  twenty  miles 
from  the  Lake  of  the  Woods,  and  accessible  for  heavy  teams  from  Pine 
Ridge  by  the  ice  of  the  stream.  I  then  traveled  up  a  branch  of  this  river 
to  the  boundary-line,  where,  at  East  Roseau  azimuth  station,  the  two  parts 
of  the  British  tangent  joined.  Here  I  was  delayed,  by  stormy  weather, 
from  December  23  to  30,  during  which  I  got  azimuths  on  two  nights  which 
were  partly  clear.  A  more  dismal  holiday-week  I  have  never  passed. 
There  were  six  of  us  in  all,  but  I  had  no  assistant  for  company.  Our  camp, 
of  two  little  tents,  was  pitched  in  an  opening  of  windfall,  close  to  the  post 
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marking  the  junction  of  the  tangents.  Under  the  intricate  lacing  of  fallen 
logs,  and  the  three  feet  of  snow  in  which  they  were  imbedded,  was  a  frozen 
swamp.  My  own  tent-floor  was  composed  of  ice,  and  in  order  that  the 
stove  might  not  melt  through  this  and  disappear,  it  was  supported  on  a 
scaffolding  of  logs  run  out  under  the  tent.  In  the  morning  the  tent-floor 
was  hard,  but,  during  the  day,  the  heat  of  the  stove  melted  a  pool  under  it, 
with  a  radius  of  about  two  feet,  but  there  was  never  sufficient  heat  to  soften 
the  ice  in  the  opposite  corner,  where  my  bedding  lay.  It  snowed  fiercely 
during  the  greater  part  of  the  week,  and  our  efforts  at  cooking  (the  regular 
cook  being  left  behind),  over  an  open  fire,  were  not  the  most  successful. 
The  appearance  of  the  camp,  with  a  smoldering  fire,  the  dogs  curled  up 
in  the  snow,  and  the  whole  shut  in  by  cold-looking  pines,  was  lonely  and 
desolate  in  the  extreme;  and  to  add  to  its  weirdness,  at  intervals  a  wolf 
would  approach  camp  and  utter  a  low  moan,  which  would  be  taken  up  by 
all  the  dogs.  Beginning  gently  with  a  soft  sigh,  it  swelled  with  a  full  cres¬ 
cendo,  in  which  every  cur  joined,  and  then  gradually  subsided,  only  to 
begin  again.  Finally,  some  driver’s  impatience  would  overcome  his  antip¬ 
athy  to  leaving  his  warm  bed,  and  he  would  get  up,  whip  in  hand,  and  go 
through  the  pack.  Then  the  would-be  musical  howl  would  change  into  the 
sharp  uki-yis”  of  pain  and  fear,  supplemented  by  a  choice  selection  of  French 
imprecations,  in  which  all  the  other  drivers  joined  from  their  tent.  Then 
we  would  have  quiet,  but  only  for  a  few  hours.  I  finally  obtained  enough 
azimuth  observations  to  satisfy  myself  that  the  English  tangent  was  cor¬ 
rect,  within  the  uncertainty  of  my  observations,  and  then  packed  up  to 
move  over  to  the  Lake  of  the  Woods.  The  breast-high  windfall  in  the 
intervening  space  being  absolutely  impassable  for  large  animals,  I  had 
given  Mr.  Doolittle  four  dog-sleds,  keeping  two  for  myself;  so  that  I  had 
to  reduce  my  party  to  myself  and  two  others,  McKenney,  a  Scotch  dog- 
driver,  and  King,  an  observatory  attendant.  Even  then,  I  had  to  borrow 
some  of  Mr.  Doolittle’s  sleds  when  I  reached  his  camp,  for  I  had  been  five 
hours  in  making  four  miles  The  loads  were  top-heavy  and  upset  every 
hundred  yards.  With  the  extra  sleds  we  still  made  slow  progress,  and,  at 
the  close  of  the  short  day,  had  only  traveled  twelve  miles.  We  stopped  for 
supper,  and  then  pushed  on  along  the  British  cutting,  on  a  cold  but  beau- 
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tifully  clear  and  moonlit  night.  We  reached  the  Lake  of  the  Woods  Station 
a  little  before  midnight.  We  had  been  sixteen  hours  in  passing  over  seven¬ 
teen  miles,  and  were  rather  disgusted  with  snow-shoes  and  dog-sleds,  but 
we  were  satisfied  that  no  other  animal  but  a  dog  could  have  drawn  a  load 
through  the  thickets,  windfall,  and  swamps  over  which  we  had  passed. 

The  next  night,  December  31,  was  clear,  and  I  got  good  azimuth 
observations,  and,  on  the  1st  of  January,  I  started  out  to  cross  the  Lake  of 
the  Woods  to  Rainy  River.  McKenney  and  King  were  with  me,  and  we 
had  only  the  instruments,  tent,  blankets,  and  enough  provisions  for  two 
weeks.  The  surface  of  the  lake  was  in  fine  condition  for  traveling.  A 
frozen  crust  of  snow,  a  few  inches  thick,  covered  the  ice,  and  gave  a  good 
footing,  and  left  no  necessity  for  snow-shoes.  The  thermometer  was  a  few 
degrees  above  zero.  The  sun  was  shining  brightly  near  the  horizon,  and 
the  air  was  quiet  and  very  bracing.  We  went  along,  at  a  jog-trot,  behind 
the  dogs,  in  high  spirits — a  marked  contrast  to  our  return.  We  arrived  at 
the  mouth  of  Rainy  River  early  on  the  second  day,  and  pitched  our  tent, 
on  the  narrow  point  of  land  between  the  river  and  the  lake. 

The  object  of  coming  to  Rainy  River — which  is  several  miles  south  of 
the  forty-ninth  parallel — was  to  get  an  accurate  survey  of  all  that  portion 
of  the  lake  within  our  territory.  The  British  had  carefully  surveyed  the 
shore  line  from  the  Northwest  Point  to  the  forty-ninth  Parallel;  Mr.  Doo¬ 
little  carried  on  the  survey  from  the  forty-ninth  Parallel  to  Rainy  River, 
and,  at  the  latter  point,  I  checked  his  work  by  a  careful  series  of  sextant 
latitudes  and  by  azimuth  observations.  I  remained  there  ten  days.  The 
Indians  did  not  receive  me  very  cordially,  and  there  were  several  pow-wows 
and  a  good  deal  of  “bluff”  and  threats  on  either  side.  They  did  not  suc¬ 
ceed,  however,  either  in  inducing  me  to  go  away,  nor  in  getting  any  rations 
(I  had  barely  enough  for  myself),  nor  did  they  molest  me.  One  Indian, 
indeed,  was  good  enough  to  invite  me  to  go  with  him  on  a  moose-hunt,  and 
I  had  the  satisfaction  of  living  on  tea  and  bad  bread  for  four  days,  and  of 
trudging  after  him  through  the  snow  all  day  long  for  the  same  period.  We 
were  much  exhilarated  by  the  sight  of  several  warm  elk-trails,  but  we  saw 
no  game. 

I  had  finished  my  observations,  and  was  only  waiting  for  a  storm  to 
25 
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clear  up  before  I  ventured  on  the  open  lake  to  return  westward,  when,  on 
the  night  of  January  11,  about  one  o’clock,  I  was  awakened  by  a  scuffling 
of  the  other  men,  and  beheld  our  only  tent  in  flames  over  my  head. 
All  our  efforts  to  extinguish  it  were  unavailing,  and  we  were  glad  to  save 
our  bedding  and  clothes  from  more  than  partial  destruction,  and  to  have 
pulled  three  pound-cans  of  powder  from  the  edge  of  a  burning  mass  of  leg- 
gins.  The  bright  fire  lit  up  the  woods  and  made  the  dogs  blink  in  an  in¬ 
quiring  manner,  and  revealed  the  spirit-thermometer  fixed  to  a  neighboring 
tree.  It  stood  at  18°  below  zero,  and  plainly  told  us  that,  storm  or  no  storm, 
we  could  not  remain  where  we  were.  So  we  heaped  up  a  big  blaze,  and 
while  one  man  repaired  the  scorched  dog-harness  the  others  prepared  a 
breakfast  of  indigestible  “  flippers,”  strong  tea,  and  rich,  fat  pork.  We  dis¬ 
patched  this,  packed  up  our  remaining  traps,  and  with  light  loads,  at  four 
in  the  morning,  started  out  in  the  black  darkness  of  the  cloudy  night. 
With  this  accident  to  our  tent  began  a  week  of  misfortunes.  The  day 
broke  about  seven  in  the  morning  (we  had  been  traveling  by  compass), 
and  revealed  dark,  threatening  clouds,  and  an  indistinct  line  of  shore  a 
mile  to  our  left,  showing  that  we  were  not  much  out  of  our  course.  It  was 
still  very  cold,  but  as  yet  only  a  few  flakes  of  snow  were  flying  in  our 
faces.  One  of  the  lead-dogs  had  a  swelling  on  his  shoulder,  which  pained 
him  a  good  deal,  and  caused  him  to  keep  circling  off  out  of  the  course. 
We  put  the  other  sled  in  front,  when  its  leader  slipped  his  collar  and  broke 
loose.  He  kept  along  with  us,  but  about  a  hundred  yards  to  one  side,  and 
eluded  all  our  efforts  to  catch  him  for  more  than  an  hour.  We  kept  on  our 
course,  however,  only  deviating  from  it  to  cross  the  large  cracks  and  piled- 
up  snow,  which  in  the  dim  light  we  approached  in  bad  places,  and,  about 
ten  o’clock,  passed  Mr.  Doolittle’s  party  moving  south.  It  was  now  snow¬ 
ing  quite  fast,  with  a  good  breeze  against  us,  and  still  very  cold.  About 
noon  we  reached  a  point  of  land  where  our  course  turned  to  the  west,  and 
here  we  found  a  tent  and  one  of  Mr.  Doolittle’s  men.  We  had  run  twenty- 
five  miles,  and  now  took  a  good  rest,  and  ate  an  enormous  lunch  of  strong 
tea  and  pork.  Meanwhile  the  storm  had  increased,  and  was  blowing  a  fierce 
gale  from  the  north,  with  such  masses  of  snow  that  it  was  impossible  to  see 
clearly  for  a  hundred  yards.  At  two  o’clock  I  wanted  to  start  out  to  reach 
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the  Astronomical  Station,  about  fifteen  miles  distant,  but  I  found  great  diffi¬ 
culty  in  inducing  the  driver,  McKenney,  to  venture  out  in  the  storm.  We 
finally  started,  however,  and  in  a  few  minutes  were  out  of  sight  of  every 
thing  but  blinding  masses  of  snow.  We  kept  our  course  by  compass,  and 
relieved  each  other  in  taking  the  lead,  as  it  was  found  that,  after  half  an 
hour’s  peering  into  the  whirling  whiteness,  it  was  impossible  for  one  to 
keep  a  straight  course.  Just  at  dark  (about  half  past  four  o’clock)  we 
came  in  sight  of  a  dark  point  of  timber,  and  were  sheltered  from  the  storm. 
We  felt  our  way  along  the  shore  until  about  seven  o’clock,  when  I  thought 
I  recognized  the  appearance  of  a  point  of  land  near  the  station.  After  sev¬ 
eral  minutes  of  yelling  we  brought  forth  a  response  from  a  man  named 
Macey,  whom  I  had  left  there  with  one  tent.  We  got  to  bed  about  ten 
o’clock,  thoroughly  exhausted  with  forty  miles  of  travel,  and  twenty-one 
hours  without  sleep  We  were  up  the  next  morning  at  five,  and  soon  ready 
to  continue  our  journey.  McKenney  told  me  he  knew  a  much  better  trail 
to  return  by  than  the  horrible  windfall  along  the  boundary  cutting,  and,  as 
he  said  it  was  not  much  longer,  I  determined  to  follow  it. 

We  went  south  across  a  bay  of  the  lake,  for  about  eight  miles,  to  an  In¬ 
dian  village  at  the  mouth  of  War  Road  River.  Here  we  turned  westward, 
through  the  woods  and  across  open  “  muskeages,”  and  kept  traveling  until 
nearly  dark,  when  we  stopped  to  rest.  McKenney  assured  me  now  that  it 
was  only  about  eight  miles  to  the  depot  on  East  Roseau  River,  and  which  I 
knew  was  on  the  trail.  As  I  was  anxious  to  get  on  as  fast  as  possible,  and 
had  only  enough  provisions  to  make  two  half  meals,  I  decided  not  to  camp, 
but  to  consume  all  our  provisions  in  a  hearty  supper,  and  then  travel  on 
during  the  night.  If  it  was  only  eight  miles  we  could  surely  make  it  be¬ 
fore  midnight,  for  the  storm  had  broken  and  left  a  clear  sky.  By  eight 
o’clock  we  had  finished  our  supper,  put  on  dry  socks  and  moccasins,  packed 
up,  and  started.  Midnight  did  not  find  us  safely  at  the  depot,  but  only  three 
or  four  miles  from  our  resting-place.  The  sky  had  clouded  again;  we  had 
lost  the  road,  and  had  broken  through  some  sliell-ice  in  a  little  brook  of 
whose  existence  McKenney  did  not  know.  One  man  had  floundered  in 
up  to  his  shoulders,  and  the  water  had  permeated  through  his  socks  and 
“neeps”  to  his  foot.  The  rest  of  us  had  gotten  out  so  quickly  that  only 
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our  leggins  were  wet ;  but  as  the  temperature  was  somewhere  about  20° 
below,  our  legs  were  instantly  incased  in  a  garment  of  ice  which  rendered 
locomotion  impossible,  and  the  dog-sleds  had  added  about  two  hundred 
pounds  to  their  loads  in  the  shape  of  ice.  The  dogs  lay  down  with  perfect 
unconcern,  glad  of  a  rest,  and  we  cut  sticks  and  began  a  vigorous  beating, 
first  of  our  leggins  and  then  of  the  sleds,  to  detach  the  ice.  We  got  our 
legs  pretty  well  limbered,  but  could  not  clear  the  sleds,  which  were  so 
heavy  and  so  rough  on  the  bottom  that  we  had  to  abandon  about  half  the 
loads — everything  in  fact  but  our  blankets,  instruments,  and  records.  Then 
we  went  on  again,  McKenney  and  King  with  one  sled,  in  front,  and  Macey 
and  myself  with  the  other.  McKenney  was  a  better  driver  than  myself, 
and  got  more  work  out  of  his  jaded  dogs,  and  so  was  soon  out  of  sight. 
We  followed  on  the  trail,  however,  occasionally  losing  it  in  the  darkness, 
until,  about  ten  o’clock,  I  discovered  a  fire  ahead  of  us  on  the  trail,  and 
coming  up  found  that  King’s  foot  was  very  badly  frozen,  and  he  was  in 
great  pain.  We  thawed  his  foot  with  snow,  and  bound  it  in  pieces  of  dry 
blanket,  and  then  I  particularly  warned  McKenney  not  to  get  out  of  hear¬ 
ing  of  us,  as  the  trail  was  very  blind.  A  few  minutes  after  we  had  started, 
however,  I  broke  the  cord  of  my  snow-shoe,  and  had  to  stop  to  repair  it. 
We  saw  no  more  of  McKenney,  our  guide,  till  noon  the  next  da}v  Macey 
and  I  were  now  on  an  open  muskeage,  where  we  had  never  been  before, 
and  as  we  had  nothing  to  eat,  and  had  abandoned  our  stoves,  there  was  no 
use  of  camping,  so  we  kept  on.  Presently  the  lead-dog  turned  sharp  to  the 
right  and  got  the  sled  stuck  in  a  soft  snow-bank.  We  tried  to  move  it  along, 
but  could  get  no  work  out  of  the  dogs,  and  so  threw  off  all  the  load  except 
the  records  and  chronometers.  With  an  empty  sled  we  managed  to  make 
the  dogs  move  on  slowly,  in  a  westward  direction,  while  we  took  turns  in 
feeling  with  our  hands  for  the  hard  snow  of  the  “road.”  But  we  could  not 
find  it,  and  could  not  retrace  our  steps,  for  our  tracks  were  almost  instantly 
covered  up  by  the  drifting  snow.  In  a  few  minutes  the  dogs  stopped  short, 
and  each  scratched  a  little  hole  in  the  snow  and  lay  down  as  if  lie  intended 
to  stay.  We  were  so  exhausted  that  we  could  hardly  use  the  whip,  but  we 
plied  it  to  the  utmost  of  our  strength,  and  accompanied  with  shouts,  to  urge 
them  on.  The  only  result  was  a  low  moan  as  each  dog  curled  closer  and 
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buried  himself  deeper  in  the  snow.  They  were  utterly  exhausted.  Then 
we  yelled  in  hopes  of  finding  McKenney,  but  without  success.  The  only 
thing  left  for  Macey  and  myself  was  to  get  ourselves  out  of  the  scrape  as 
best  we  could.  By  the  aid  of  some  matches  I  wound  the  chronometers 
(2.15  a.  m.),  and  covered  them  and  the  records  with  the  sleigh-wrapper. 
Then  twisting  the  whip  in  the  lead-dog’s  collar,  to  suggest  what  was  in 
store  for  him  when  he  woke  up,  we  bade  them  good-bye,  and  started  out 
to  the  westward,  across  the  muskeage.  I  had  a  good  compass  with  me, 
and  the  moving  clouds  occasionally  revealed  the  stars,  so  that  there  was 
no  difficulty  in  keeping  our  course.  I  knew,  also,  that  the  supply-depot 
was  on  a  river  flowing  north,  and  not  more  than  fifteen  miles  off  at  the 
utmost,  and  that  there  was  a  sleigh-trail  to  the  depot,  but  not  beyond  it,  so 
that  if  we  reached  the  river  I  would  know  which  way  to  turn.  Hence  there 
was  no  fear  of  being  lost,  but  what  I  did  seriously  fear  was  that  before  we 
could  reach  the  river  we  should  succumb  to  sleep  and  that  terrible  languor 
which  is  the  premonition  of  freezing,  and  which  we  already  felt. 

During  the  last  forty-eight  hours  we  had  run  between  sixty  and  seventy 
miles,  and  for  twenty  hours  we  had  had  but  one  meal.  The  longing  for  sleep 
was  so  great  that  whenever  I  stopped  to  rest  for  an  instant,  I  lost  conscious¬ 
ness,  and  was  awakened  by  the  thud  of  having  fallen  into  the  snow.  I  was 
strongly  possessed  with  the  temptation  to  quietly  lie  there,  it  was  so  com¬ 
fortable.  But  I  had  just  enough  sense  left  to  know  that  if  I  did  lie  there 
it  would  be  three  or  four  days  before  I  would  be  found,  for  the  wind  cov¬ 
ered  up  our  tracks  at  once;  and  in  three  days  I  would,  undoubtedly,  be 
frozen  to  death.  So  we  trudged  on  through  the  snow,  knee-deep,  on  our 
broken  snow-shoes,  tripping,  and  falling,  and  making  perhaps  a  mile  an 
hour,  through  the  long  hours  of  the  night,  into  the  dim  day-break  and  the 
early  hours  of  the  morning.  Still  going  west,  we  had  crossed  the  muskeage 
and  come  into  some  timber,  but,  as  yet,  had  found  no  tracks,  although  I 
knew  we  must  be  nearing  the  stream.  Finally,  near  noon,  we  came  to  a 
small  stream,  and  there,  nearly  covered  by  fresh  snow,  but  still  unmistak¬ 
able,  were  snow-  shoe  tracks.  Macey  and  I  leaned  up  against  a  tree,  and 
getting  a  good  ready  we  yelled — all  the  breath  there  was  in  us.  No  answer. 
We  rested  awhile  and  tried  it  again,  and  still  no  answer!  The  tracks  led 
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to  the  northwest,  and  as  they  would  not  take  us  much  out  of  our  course,  we 
followed  them.  In  about  half  an  hour  we  came  upon  a  track,  not  three 
hours  old  (for  the  snow  had  fallen  then),  and  crossing1  the  other  at  right 
angles.  We  sat  down  on  the  bank,  and  gathered  breath,  and  yelled  again. 
We  almost  jumped  as  an  instantaneous  reply  came,  seemingly  not  one 
hundred  feet  off.  It  was,  in  fact,  not  very  much  farther,  and,  moving  in 
its  direction,  we  soon  beheld  the  river,  the  depot,  and  two  men  quietly 
unloading  some  hay.  Our  first  question,  somewhat  enraged,  was,  “How 
long  has  McKenney  been  here?”  McKenney  ?  They  did  not  know  any¬ 
thing  about  McKenney — “had  not  seen  him  for  a  month.”  So  it  seemed 
that  he  had  been  lost  as  well  as  ourselves.  I  immediately  started  a  man 
out  with  a  sled  to  find  them,  and  to  pick  up  my  dogs  and  various  articles 
which  had  been  abandoned,  and  then  we  ate  a  mighty  breakfast,  after  our 
thirty-hours’  tramp.  We  were  just  finishing  when  we  heard  the  jingle  of 
bells  and  the  “marche!  marche!”  of  a  driver,  and  McKenney  appeared 
with  liis  sled,  and  King  riding  on  it.  It  seems  that  when  he  discovered 
that  he  had  left  us  behind,  he  waited  awhile,  and  shouted  to  attract  atten¬ 
tion.  Failing  in  this  he  started  to  go  on  for  a  distance,  but  his  dogs  refused 
to  move.  King’s  foot  now  began  to  pain  him  so  much  that  he  could  not 
walk.  In  this  dilemma  there  was  nothing  to  do  but  burrow  in  the  snow, 
and  wait  till  the  dogs  were  enough  rested  to  go  on.  So  McKenney  had 
unhitched  his  dogs  and  dragged  his  sled  to  the  nearest  point  of  timber.  It 
was  at  this  place  that  my  leader  had  turned  off  and  we  had  lost  the  trail, 
for  McKenney  found  my  dogs  there  in  the  morning.  Once  in  the  woods 
they  shoveled  out  the  snow  and  got  the  materials  for  a  fire,  but  discovered, 
to  their  dismay,  that  all  the  matches  had  been  in  King’s  pocket,  and  had 
been  wet  in  his  bath.  There  was  a  strong  probability  of  freezing  if  they 
could  not  get  a  fire,  so  they  searched  every  particle  of  their  bedding  and 
clothes  for  a  stray  match.  At  last,  in  the  corner  of  the  inside  pocket  of 
McKenney’s  overcoat,  they  did  find  an  old  stump,  about  half  an  inch  long, 
but  with  the  “sulphur  end”.  They  took  great  precautions  against  its  going 
out,  and  collected  enough  dry  shavings  for  a  first-class  attempt  at  arson. 
Their  efforts  were  successful,  and  with  the  fire  once  going  they  were  all 
right.  They  slept  till  morning  and  then  came  on.  As  soon  as  they  had 
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arrived  I  turned  in  and  slept  for  eighteen  hours.  During  this  time  my  dogs 
had  been  brought  in,  very  hungry,  but  looking  as  bright  and  cheerful  as 
possible,  excejDt  the  leader,  whose  shoulder  was  fearfully  swollen.  I  had 
to  leave  him  behind;  but,  with  the  others  and  an  empty  sled,  I  started  out 
the  next  day,  January  15,  for  Pine  Ridge,  and  made  the  journey  of  twenty- 
five  miles  in  six  hours.  There  I  found  Mr.  Downing  with  the  field-plots 
well  advanced,  and  the  next  day  I  rode  along  in  a  “  carriole”  (light  sleigh 
for  one  horse)  to  where  Mr.  Wilson  was  at  work  on  the  mounds  across  the 
Great  Roseau  Swamp.  I  then  sent  a  telegram  to  you  asking  for  instructions 
about  cutting  the  parallel,  and  received  answer  to  clear  it  a  width  of  ten 
feet,  from  the  end  of  the  British  cutting,  near  Pine  Ridge,  to  Red  River. 
This  was  intrusted  to  Mr.  Wilson.  He  also  built  the  mounds  along  this 
interval.  Leaving  Mr.  Wilson  engaged  upon  this  work,  I  sent  word  to  the 
East  Roseau  depot  to  cache  enough  supplies  for  Mr.  Doolittle  and  bring  the 
rest  to  Pine  Ridge,  where  I  collected  the  sleighs,  and  moved  them  to  Point 
d’Orme,  January  20.  I  remained  here  a  week  waiting  for  the  other  parties 
and  completing  my  confutations.  During  this  week  we  had  the  coldest 
weather  of  the  winter.  On  every  night  the  thermometer  went  down  to  40° 
below  zero  or  lower,  and  during  the  day  it  seldom  reached  as  high  as  15° 
below.  One  night,  just  before  going  to  bed,  I  looked  at  the  two  spirit-ther¬ 
mometers  fastened  to  a  tree,  and  they  read  46°  and  47°  below.  In  the 
morning  they  recorded  the  astounding  temperature  of  50°  and  51°  below 
zero.  Every  one  had  slept  soundly,  however,  inside  of  skin  and  blanket 
bags. 

The  parties  all  arrived  at  Point  d’Orme  on  the  26th  of  January,  and  I 
sent  Mr.  Doolittle  on  to  resurvey  the  Red  River,  on  the  ice,  and  left  Mr. 
Wilson  to  finish  his  cutting  and  mounds.  Taking  my  dogs  and  an  empty 
sled,  I  drove  in  to  Fort  Pembina,  forty  miles,  in  the  nine  hours  of  sun¬ 
light,  on  January  27,  and  began  to  settle  up  accounts  and  get  ready  to 
turn  toward  the  States. 

On  the  6th  of  February  Mr.  Wilson’s  party  arrived  at  Pembina,  and 
the  winter’s  work  was  over.  I  had  previously  turned  over  the  dogs  and 
sleds  to  the  British  Commission  to  be  sold  or  disposed  of  in  any  way  they 
could,  and  on  the  evening  of  the  6th  discharged  about  Half  the  men.  The 
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next  morning,  with  the  balance  of  the  men  and  the  six  heavy  sleighs,  I 
started  south  for  the  railroads  of  Minnesota.  We  made  the  journey  to  Fort 
Abercrombie,  one  hundred  and  eighty  miles,  in  five  and  a  half  days,  during 
which  we  suffered  greatly  on  the  open  prairie  from  the  cold  and  the  driving 
snow.  At  Fort  Abercrombie  I  sent  the  train  of  sleighs,  under  Wagon- 
master  Estes,  across  country  to  Saint  Cloud  to  report  there  to  Lieutenant 
Ladley.  With  the  rest  of  the  men  I  took  the  cars  at  Breckinridge  for  Saint 
Paul,  where  we  arrived  February  16.  The  parties  were  disbanded  and  paid 
off  the  same  day. 

GENERAL  DESCRIPTION  OF  THE  COUNTRY. 

The  flat,  treeless  valley  of  the  Red  River  extends  on  the  east  for  twelve 
miles;  here  a  gentle  ridge  is  encountered  about  thirty  feet  high  and  run¬ 
ning  in  a  northwest  and  southeast  direction.  For  the  next  twenty  miles 
to  the  Roseau  River  the  country  is  slightly  broken.  The  knolls  are  covered 
with  small  poplars,  and  the  intervening  hollows  are  marshy  and  full  of  large 
granite  bowlders.  Beyond  the  Roseau  River  the  country  entirely  changes. 
The  woods  are  dense — at  first  of  oak,  elm,  and  ash,  gradually  giving  place 
to  spruce  and  pine  and  then  to  tamarack.  The  last  forty-five  miles  to  the 
Lake  of  the  Woods  may  be  characterized  as  one  vast  tamarack  swamp,  with 
large  openings  of  “muskeage.”  This  is  not  only  true  along  the  Forty-ninth 
Parallel,  but  wherever  I  penetrated  back  from  the  shore  of  the  Lake  of  the 
Woods  the  same  character  of  country  was  found.  Some  of  the  Norway 
pine  grows  to  a  large  size — three  feet  and  more  in  diameter — but  nearly  all 
of  it  has  been  taken  out  by  lumbermen  and  rafted  down  to  Fort  Garry,  so 
that  now  there  is  no  considerable  amount  of  valuable  timber  along  the  line. 
Except  the  Red  River  Valley,  the  whole  country  is  at  present  not  only 
worthless  for  agricultural  purposes,  but  is  quite  impassable  in  summer,  even 
to  Indians,  except  along  the  streams,  in  canoes.  All  of  these  swamps,  west 
of  about  ten  miles  from  the  Lake  of  the  Woods,  are  partially  drained  into 
the  Red  River  by  the  Roseau  River  system.  This  river  rises  in  two 
branches — one  north  and  the  other  south  of  the  line,  wdiicli,  united,  are 
known  as  the  Last  Roseau  River,  and  flows  into  a  small  lake  of  the  same 
name,  which  also  receives  a  small  affluent  from  the  north,  known  as  Pine 
River.  This  lake  discharges  into  the  Roseau  River,  which  flows  south  of, 
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and  really  parallel  to,  the  boundary  for  about  thirty  miles,  crossing  it  at 
Point  d’Orme,  and  continues,  in  a  northwesterly  course,  till  it  meets  the 
Red  River,  about  twelve  miles  north  of  the  line.  This  Roseau  River  is 
about  two  hundred  feet  broad  throughout  its  length,  and  has  a  rapid  cur¬ 
rent  of  about  three  miles.  The  depth  was  about  ten  feet  wherever  we 
sounded  it.  It  would  be  navigable  for  small  boats  but  for  the  presence  of 
of  a  few  rapids.  The  principal  one  of  these  I  did  not  visit.  It  is  about 
twenty-five  miles  below  Point  d’Orme,  and  from  the  description  of  the 
half-breeds  is  quite  violent,  and  must  have  a  fall  of  fully  twenty  feet  in  a 
quarter  of  a  mile.  Logs  cannot  be  rafted  over  it  later  than  the  1st  of  May. 

If  land  ever  becomes  so  valuable  in  this  region  that  it  is  desirable  to 
drain  this  country,  it  could  be  done  by  cutting  through  these  rapids.  The 
bed  of  the  river  is,  generally,  a  soft  clay,  through  which  the  stream  would 
lower  its  bed,  and  thus  drain  the  swamps.  At  present  the  large  swamps 
are  on  a  level  with,  or  a  little  lower  than,  the  water  of  the  stream,  from 
which  they  are  separated  only  by  a  natural  dike  of  clay  and  grass,  a  few 
feet  in  height. 

The  Lake  of  the  Woods  contains  an  area  of  between  six  hundred  and 
seven  hundred  miles.  It  is  very  irregular  in  shape,  and  its  eastern  shore 
has  never  been  carefully  surveyed.  There  are  a  large  number  of  islands 
dotting  its  surface.  Some  soundings  were,  I  believe,  taken  by  the  English 
parties,  and  the  greatest  depth  obtained  was  eighteen  feet.  As  the  surround¬ 
ing  country  is  very  low  and  flat,  it  is  possible  that  it  has  no  great  depth, 
but  we  have  no  positive  knowledge  of  this.  As  the  ice  was  from  two  to 
three  feet  thick,  I  had  no  opportunity  to  make  soundings.  Various  small 
streams  drain  into  it  from  the  surrounding  swamps,  but  the  principal  afflu¬ 
ent  is  the  Rainy  River,  which  empties  at  its  most  southern  point.  This 
stream  comes  from  Rainy  Lake,  is  about  sixty  miles  long,  and  a  quarter 
of  a  mile  broad  at  its  mouth.  It  forms  part  of  the  international  boundary. 

The  Lake  of  the  Woods  discharges,  by  Winnipeg  River,  into  Winni¬ 
peg  Lake,  and  forms  part  of  the  great  northern  chain  of  lakes,  whose  waters 
eventually  reach  Hudson’s  Bay. 

The  Indians  residing  in  this  neighborhood  are  small  tribes  of  the  for¬ 
merly  great  Ojibway  nation.  There  are  about  twenty  families  around  Lake 
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Roseau,  as  many  more  at  the  mouth  of  War  Road  River,  and  about  fifty 
families  at  the  mouth  of  Rainy  River. 

Several  families  also  pass  the  winter  on  the  islands  in  the  lake.  They 
are  generally  peaceable,  but  extremely  indolent.  Those  about  Rainy  River 
live  on  lands  which  have  never  been  ceded,  and  they  are  the  only  ones  that 
show  any  spirit.  They  have  several  log  houses,  and  make  feeble  attempts 
at  agriculture,  but  many  of  them  live  in  birch  “tepees,”  and  their  principal 
sustenance  is  fish.  Several  varieties  of  whitefish,  pike,  and  pickerel  are 
caught,  through  the  ice,  by  the  squaws  in  winter.  The  men  occasionally 
hunt  the  moose,  elk,  deer,  and  feathered  game,  using  the  Hudson’s  Bay 
shot-guns,  with  an  ounce-ball,  or  with  shot.  They  also  do  a  good  deal  of 
trapping;  beaver,  marten,  mink,  otter,  and  fisher  being  quite  plentiful. 
Those  who  survive  the  age  of  ten  years  seem  to  be  a  healthy  race  of  people, 
but  many  children  perish  from  lung  diseases  and  exposure  to  the  cold.  The 
winter  climate  of  this  country  is  exceedingly  severe;  the  thermometer  going 
below  40°  every  year.  And  in  spite  of  the  fact  that  the  maximum  is,  every 
year,  nearly  100°,  the  annual  mean  is  lower  than  at  any  other  point  in  the 
United  States  and  Territories,  and  lower  than  any  inhabited  point  in  Eu¬ 
rope. 

I.  insert  here  the  record  of  the  Medical  Department,  at  Fort  Pembina, 
for  two  years.  My  own  record,  during  the  winter  of  1873,  is  a  little  lower 
than  this,  but  it  was  not  taken  with  so  much  care. 


Meteorological  report — Fort  Pembina. 


Month. 

1872-73. 

1873-74. 

Mean. 

Max. 

Min. 

Rain-fall. 

Mean. 

Max. 

Min. 

Rain-fall. 

o 

o 

o 

Inches. 

O 

o 

o 

Inches. 

July . 

67.  GO 

97 

36 

3. 09 

67.10 

89 

34 

1.30 

August . 

65.41 

91 

34 

82 

66.43 

91 

24 

2.  38 

September . 

53.78 

85 

25 

1.67 

47. 78 

80 

23 

2.  05 

October . 

43.91 

77 

15 

1.16 

36.  37 

82 

3 

56 

November . 

18.  28 

48 

—  28 

53 

15.  67 

45 

—  25 

66 

December . 

—  5. 72 

34 

—  51 

2.  95 

6.76 

35 

—  27 

18 

January  . 

—  4.  49 

31 

—  40 

41 

—  3.17 

37 

—  44 

26 

February . 

4.43 

33 

—  31 

75 

2. 99 

32 

—  32 

25 

March. . 

12.  05 

43 

—  40 

35 

12. 1 1 

47 

—  29 

35 

April . 

34.  64 

64 

16 

39 

30.  32 

76 

—  4 

20 

May . . 

53.  76 

81 

29 

2.  11 

57.  04 

98 

27 

1.55 

June . 

67.20 

93 

■  38 

2.91 

66. 29 

94 

33 

3.41 

For  the  year . 

34. 24 

97 

—  51 

17. 14 

33.81 

93 

—  44 

13. 15 

REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  B.  395 


For  purposes  of  comparison,  I  add  the  annual  mean  temperatures  at 
the  coldest  posts  in  the  United  States,  and  at  a  few  other  points,  from  data 
kindly  furnished  by  the  Chief  Signal  Officer  of  the  Army. 

Mean  temperatures. 


Forts. 

Territory. 

Latitude. 

Years. 

Annual 

mean 

temp. 

Authority. 

Pembina . 

Seward . 

Brady  . 

Buford . 

Steveusou . 

Baker . 

Abercrombie . 

Ellis . 

Rice . . . 

Lincoln  . 

Snelling . 

Sitka . . 

Plattsburg . 

Bout  on . 

Shaw . 

Winnipeg . 

St.  Petersburg . 

Do . 

Stockholm . 

Dakota . 

_ do . 

Michigan . 

Dakota . 

- do . 

Montana . 

Dakota . 

Montana . 

Dakota . 

_ do . 

Minnesota . 

Alaska . 

New  York . 

Montana . 

Manitoba . 

Iceland . 

Russia . 

Sweden . 

O  1 

43  57 
46  52 

46  30 

48  00 

47  34 
46  40 
46  27 

45  45 

46  40 

46  47 

44  53 
57  03 
44  41 

47  45 
47  30 

49  50 
64 

60 

60 

59  20 

1870-74 
74 
1872-74 
1870-74 
1870-74 
1872-74 
1870-74 
(  1871-73 

l  1872-74 
1870-74 
1870-74 
1870-74 
1870-74 
1870-74 
1870-74 
1870-74 

1845-71 
1867-70 
90  years. 
1859-71 

o 

34.0 

37.0 

37.6 

38.0 

38.5 

38.8 

39.3 

|  40.1 

5  41.3 

41.9 

42.9 

43.6 

43.9 

44.4 

44.7 
32.6 
37.0 
38.0 

38.5 

41.8 

Circular  No.  8,  Sur- 
^  geou-Geueral’s  Office, 
U.  S.  Army. 

Dawson. 

Thorlacius. 

Wild, 
v.  Kiintz. 

Edland. 
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ASTRONOMICAL  POSITIONS  ON  RECONNAISSANCES. 

LONGITUDES. 

On  reconnaissance  f  rom  second  crossing  of  Mouse  River  to  Fort  Pembina  via  Fort  Totten , 

by  Lieut.  F.  V.  Greene,  1873. 


Chr. 

Error  on  Wash¬ 
ington  time. 

Error  on  local 
time. 

Longitude  from 
Washington. 

Station  and  date. 

Remarks. 

1455 

953 

Slow 

East 

h.  m.  s. 

1  19  52.26 
4  50  21.74 

Fast 

East 

h.  m.  «. 

34  41.6 
6  44  55.6 

h. 

1 

7)1.  8 . 

54  33.86 

Lieut.  Galwey’s 
station,  on  Pop¬ 
lar  River,  Oct. 
30,  1873. 

Chr.  Rates. 

1455  Losing...  4B.34 

953  Losing...  4S.08 

1455 

953 

Slow 

East 

1  21  55.66 
4  48  25.  84 

Slow 

Fast 

1  13.3 
6  09  08.2 

1 

20  42.  36 

Fort  Pembina, 
Oct.  31.4. 

Latitudes. 

1455 

953 

Slow 

East 

1  20  46. 1 

4  49  31. 1 

Fast 

Fast 

17  55.3 
6  28  17. 1 

1 

38  41.4 
46.0 

Mouse  River,  Oct. 
15.4. 

Polaris. .. 
e  Pegasi  . . . 

O  /  II 

48  39  40.7 
38  13.5 

Mean  1 

38  43. 7 

101°  44'  01".  3 

Mean.. 

48  38  57. 1 

1455 

953 

Slow 

East 

1  20  50.4 

4  49  27.  0 

Fast 

Fast 

17  13.8 
6  27  35. 9 

1 

38  04.2 
08.9 

Mouse  River,  Oct. 
16.4. 

Polaris  .. 
e  Pegasi  . . . 

48  23  23.  2 
16.3 

Mean  1 

38  06.  5 

101°  34'  44".  1 

Mean.. 

48  23  19. 7 

1455 

953 

Slow 

East 

1  21  01.3 

4  49  15.8 

Fast 

East 

14  22.3 
6  24  45. 9 

1 

35  23.  6 

30.1 

Oct.  18.9. 

Mean  1 

35  26. 8 

100°  54'  48".  6 

1455 

953 

Slow 

East 

1  21  03.0 

4  49  15.2 

East 

East 

11  54. 1 
6  22  16. 9 

1 

32  57. 1 
61.7 

Oct.  19.3. 

■ 

Mean  1 

32  59.  4 

100°  17'  56".  8 

a  Aquilre  . . 

48  02  46.  3 

1455 

953 

Slow 

Fast 

1  21  07.8 
4  49  10.7 

East 

East 

10  20.6 
6  20  42. 5 

1 

31  28.4 
31.8 

Oct.  20.4. 

Polaris. .. 
e  Pegasi . . . 

48  00  58. 1 
25.3 

Mean  1 

31  30. 1 

99°  55'  37".  3 

Mean . . 

48  00  41.7 

1455 

953 

Slow 

Fast 

1  21  12. 1 

4  49  06.6 

Fast 

East 

8  03.  8 
6  18  25.  3 

1 

29  15.  9 
18.7 

Oct.  21.4. 

Polaris _ 

e  Pegasi  . . . 

47  58  24.  0 
25.9 

Mean  1 

29  17.3 

99°  22'  25".  3 

Mean.. 

47  58  25. 0 

1455 

95: 

Slow 

East 

1  21  23.4 

4  48  56.0 

Fast 

Fast 

6  26.  3 
6  16  47.  i 

1 

27  49.7 

51. 2 

Camp  near  Fort 
Totten,  Oct. 24.0. 
99°  00'  42".  6 

Mean  1 

27  50.  4 
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ASTRONOMICAL  POSITIONS. 


Station. 

Latitude. 

Lon 

gitude. 

Initial  point,  stone  mound _ _ _ _ _ _ _ _ _ _ 

o 

49 

/ 

00 

// 

00 

o 

101 

101 

/ 

54 

44 

a 

50.9 

01  3 

Camp,  October  15, 16,  Mouse  River . . . . . . . 

48 

38 

67. 1 

October  16, 17,  Mouse  River _ _ _ _ _ _ _ _ _ _ 

48 

23 

20 

101 

34 

44  1 

October  18, 19,  Mouse  River _ _ ....... _ _ _ _ 

100 

54 

48  6 

October  19, 20,  Alkali  Lakes _ ........ _ _ _ _ _ _ 

48 

03 

08.3 

100 

17 

56.8 
37.  3 

October  20, 21,  Giraud  Lake _ _ _ _ _ _ 

48 

00 

42 

99 

55 

October  21, 22,  Stony  Lake  . . . . . . 

47 

58 

25 

99 

22 

25.  3 

October  23, 25,  near  Totten . . . 

47 

58 

40.5 

99 

00 

42.  6 

Fort  Totten  flag-staff . . . . . . . . 

99 

01 

38. 1 

ASTRONOMICAL  POSITION  OF  CAMPS. 

Reconnaissance  from  Fort  Buford  to  Forty-ninth  Parallel ,  June,  1874,  by  Lieut.  F.  V. 

Oreene. 


Chr. 

Error  on  Wash¬ 
ington  time. 

Error  on  local 
time. 

Longitude  from 
Washington. 

Station  and  date. 

Remarks. 

h.  m.  s. 

m.  s. 

h.  in.  8. 

Chr. 

Hates 

1455 

Slow  2  01  28.7 

Slow  13  47.7 

1  47  41.0 

Fort  Buford,  Juno 

1455 

Losing. ..  38.61 

953 

Slow  2  07  34.  3 

Slow  19  53. 3 

41.0 

20. 

953 

Gaining..  0S.495 

Mean  1  47  41.0 

103°  58'  20" 

1455 

Slow  2  02  06.0 

Slow  5  28. 1 

1  56  37.  9 

U.  S.  Ast.  Station 

953 

Slow  2  07  29.2 

Slow  10  51.  3 

37.9 

No.  12,  near  West 

Poplar  River, 

Latitudes. 

Jnne  30.33. 

Mean  1  56  37.  9 

106°  12'  35" 

49  00  00 

1455 

Slow  2  01  40. 9 

Slow  11  33.3 

1  50  07.  6 

Crossing  of  Big 

Sun 

.. ..  48  08  45.5 

953 

Slow  2  07  32.  6 

Slow  17  26.2 

06.4 

Muddy,  June  23.4. 

Polaris..  39.6 

Mean  1  50  07 

104°  34'  50" 

Mean..  48  08  42.6 

1455 

Slow  2  01  46.  6 

Slow  10  23.  8 

1  51  23.  8 

Frenchman’s  Point, 

Polaris  ..  48  08  46.  4 

953 

Slow  2  07  31. 8 

Slow  16  11.4 

20.4 

on  Missouri  River, 

Sun 

12.0 

June  24.94. 

Mean  1  51  22. 1 

104°  53'  40" 

Mean..  48  08  29.2 

1455 

Slow  2  01  51.7 

Slow  9  48. 0 

1  52  03.7 

Camp  on  Poplar 

Polaris  ..  48  16  43. 1 

953 

Slow  2  07  31. 1 

Slow  15  22. 3 

08.8 

River,  Juno  26.4. 

Sun 

18.3 

Mear.  1  52  06.2 

105°  04'  40" 

Mean..  48  16  30.7 

1455 

Slow  2  01  59.  0 

Slow  8  32. 8 

1  53  26. 2 

Camp  on  Poplar 

Polaris  ..  48  44  32.2 

953 

Slow  2  07  30.2 

Slow  14  09. 4 

20.8 

River,  June  28.4. 

Sun 

02.5 

Mean  1  53  23. 5 

105°  24'  00" 

Mean..  48  44  17.3 
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Reconnaissance  from  Little  Rocky  Creek  to  United  States  Astronomical  Station  No.  13,  via 

Fort  Turnay ,  by  Lieut.  F.  V.  Greene,  1874. 


Chr. 

Error  on  Wash¬ 
ington  time. 

Error  on  local 
time. 

Longitude  from 
Washington. 

Station  and  date. 

Remarks. 

h.  m.  s. 

m.  s. 

h.  m.  8. 

Chr. 

Rates. 

1455 

Slow  2  02  19. 9 

Slow  3  26.2 

1  58  53. 7 

Little  Eockj'  Creek, 

1455 

Losing- ..  2S.74 

953 

Slow  2  07  26.7 

Slow  8  33.  0 

53.7 

July  4.3. 

953 

Gaining..  03.568 

Latitudes. 

o  /  n 

Mean  l  58  53. 7 

106°  46'  31".  5 

49  00  00 

1455 

2  02  31.  0 

Slow  1  08.2 

2  01  22.8 

U.  S.  Ast.  Station 

953 

2  07  24.  4 

Slow  6  01. 6 

22.8 

No.  13,  July  8.35. 

Mean  2  01  22.  8 

107°  23'  48".  2 

49  00  00 

1455 

2  02  25.8' 

2  13.7 

2  00  12. 1 

July  6.4. 

Polaris..  48  45  20.5 

953 

2  07  25.  5 

7  14.5 

11.0 

a  Ophiuchi  44  39.  5 

Mean  2  00  11.5 

107°  06'  00" 

Mean..  48  45  00 

1455 

2  02  28. 2 

1  08.8 

2  01  19.  4 

July  7.34. 

Polaris..  48  54  11.7 

953 

2  07  25.  0 

C  06. 5 

18.5 

a  Ophiuchi  05.5 

Mean  2  01  19.  0 

107°  22'  50" 

Mean . .  48  54  08.  G 

Reconnaissance  of  IiipUngcr  Road,  by  Assistant  C.  L.  Doolittle,  1874. 


Date. 

Latitude. 

Longitude. 

Remarks. 

o  /  // 

September 

2 

Polaris . 

48  39  32. 1 

a  Aquilse . 

07.7 

Mean  _ _ 

48  39  19. 9 

Cut  Bank  River. 

September 

3 

Polaris . 

48  20  50 

a  Aquilm . 

19  58 

Mean  . 

48  20  24 

Birch  Creek. 

September 

4 

Polaris . 

47  59  46. 5 

a  Aquilse . 

53  44. 7 

Mean . 

47  59  15.6 

Muddy  Fork. 

September 

5 

Polaris . 

47  47  25.  3 

a  Aquilse . 

46  35. 2 

Mean . 

47  47  00.2 

Teton  River. 
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Sextant  latitudes  on  Shaw  meridian ,  by  Lieut.  F.  V.  Greene. 


Date. 

Latitude. 

Longitude. 

Remarks. 

o  /  // 

o  /  // 

September 

4 

Polaris . . 

a  Aquil® . 

48  45  49.  G 
12.0 

Mean . 

48  45  30. 8 

111  46 

On  small  lake. 

September 

2 

49  00  00 

111  45  05. 1 

Initial  point  of  Shaw  meridian. 

September 

8 

Polaris . 

47  31  03.  3 

111  48 

About  1,500  feet  east  of  flag-stafF 
at  Fort  Shaw. 

Sextant  latitude  on  trail  near  spring ,  about  half-way  between  Fort  Shaw  and  Fort  Benton , 

by  Lieut.  F.  V.  Greene. 


Date. 

Latitude. 

Longitude. 

Remarks. 

September  10 

o  /  // 

Polaris .  47  43  22.7 

a  Aquilse .  10. 2 

Mean  .  47  43  1G.5 

MISSOURI  RIVER. 

Longitudes  and  latitudes. 


Chr. 

Error  on  Wash- 

Error  on  local 

Longitude  from 

Station  and 

Remarks. 

ington  time. 

time. 

Washington. 

date. 

li. 

7tl. 

s. 

h. 

Til.  8. 

h.  m.  8. 

1319 

Slow 

2 

09 

32.4 

1514 

Slow 

1 

15 

13.2 

Fast 

59  13.  G 

2  14  26.  S 

Fort  Benton, 

Chr. 

Bates. 

235 

Fast 

9 

56 

12.0 

Sept.  10.4. 

1319 

Losing...  2S.70 

1513 

Slow 

1 

47 

02.  G 

Fast 

27  24.2 

1514 

Gaining..  03.93 

1481 

Slow 

G 

00 

56.4 

235 

Losing...  19.03 

188 

Fast 

45.  3 

1513 

Losing...  0S.57 

110°  39'  48" 

1481 

Gaining..  0S.43 

1319 

Slow 

2 

10 

28.2 

188 

Losing . . .  08.42 

1514 

Slow 

1 

14 

54.0 

Fast 

20  12 

1  35.  06 

Bismarck, 

235 

Fast 

9 

55 

50. 9 

Oct.  1.0. 

1513 

Slow 

1 

47 

14.4 

1481 

Slow 

6 

00 

47.5 

188 

Fast 

36.6 

100°  49'  36".  6 

Latitudes. 

1319 

Slow 

2 

09 

39.4 

Fast 

2  12.9 

2  11  52.3 

Sept.  13. 

Polaris  . .  47  48  58. 9 

1514 

Slow 

1 

15 

10.8 

Fast 

56  39. 1 

49.9 

aAquilce  ..  49  00.6 

235 

Fast 

9 

5G 

09.3 

1513 

Slow 

1 

47 

04.1 

Mean..  47  49  02.7 

1481 

Slow 

G 

00 

55.3 

18- 

Fast 

44.2 

Fast 

2 

12  40. 5 

56. 3 

Mean..  2  11  52.8 

110°  01'  17".  8 
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Longitudes  and  latitudes — Continued. 


Chr. 

Error  on  Wash¬ 
ington  time. 

Error  on  local 
time. 

Longitude  from 
Washington. 

Station  and 
date. 

Remarks. 

h  m.  8. 

h. 

m. 

5. 

h. 

m.  8. 

1319 

Slow 

2  09  42. 1 

Slow 

1 

19.2 

2  08  22. 9 

Sept.  14. 

Polaris  .. 

47  46  53. 2 

1514 

Slow 

1  15  10.0 

Fast 

53 

12.8 

22.4 

a  Aquilse  .. 

53.9 

235 

Fast 

9  56  08.  3 

Fast  12 

04 

34.6 

26.3 

1513 

Slow 

1  47  04.7 

Fast 

21 

20.7 

25.4 

Mean.. 

47  46  53.  5 

1481 

Slow 

G  00  54.  9 

Slow  3 

52 

29. 5 

25.4 

188 

Fast 

43.8 

Fast  2 

09 

11.9 

28.1 

Mean.. 

2  08  25. 1 

109°  09'  22".  3 

1319 

Slow 

2  09  47.  5 

Slow 

6 

23.9 

2  03  23. 6 

Sept.  16. 

Polaris  .. 

47  27  50. 7 

1514 

Slow 

1  15  08. 1 

Fast 

48 

16.0 

24. 1 

a  Aquilse  .. 

28  01.  6 

235 

Fast 

9  56  06. 2 

Fast  11 

59 

31.3 

25.1 

1513 

Slow 

1  47  05.8 

Fast 

16 

20.4 

26.2 

Mean . . 

47  27  56. 1 

1481 

Slow 

6  00  54.  0 

Slow  3 

57 

26.8 

27.2 

188 

Fast 

43.0 

Fast  2 

04 

11.4 

28.4 

Mean . . 

2  03  25. 8 

107°  54'  32".  8 

1319 

Slow 

2  09  52. 9 

Slow 

11 

31.0 

1 

58  21.9 

Sept.  18. 

Polaris  .. 

47  47  07.  0 

1514 

Slow 

1  15  06.2 

Fast 

43 

16.4 

22.6 

a  Aquilse  . . 

46  56.  5 

235 

Fast 

9  56  04.2 

Fast  11 

54 

25. 1 

20.9 

1513 

Slow 

1  47  06.9 

Fast 

11 

16.9 

23.8 

Mean.. 

47  47  01.  7 

1481 

Slow 

6  00  53.2 

Slow  4 

02 

28.  9 

24.3 

188 

Fast 

42. 1 

Fast  1 

59 

09.4 

27.3 

Mean . . 

1 

58  23. 4 

106°  38'  56".  8 

1319 

Slow 

2  09  55. 4 

Slow 

13 

13.9 

1 

56  41.5 

Sept.  19. 

Polaris  .. 

48  01  37.  5 

1514 

Slow 

1  15  05.3 

Fast 

41 

37.2 

42.5 

a  Aquilse  .. 

36.2 

235 

Fast 

9  56  03. 2 

Fast  11 

52 

43 

39.8 

1513 

Slow 

1  47  07.5 

Fast 

9 

35.7 

43.2 

Mean . . 

48  01  36.  8 

1481 

Slow 

6  00  52.  8 

Slow  4 

04 

09.5 

43.3 

188 

Fast 

41.7 

Fast  1 

57 

28.3 

46.6 

Mean.. 

1 

56  42.  8 

106°  13'  47".  8 

1319 

Slow 

2  09  58. 1 

Slow 

16 

01.7 

1 

53  56.  4 

Sept.  20. 

Polaris  .. 

48  04  10.0 

1514 

Slow 

1  15  04.4 

Fast 

38 

53.8 

58.2 

a  Aquilse  . . 

13.7 

235 

Fast 

9  56  02.2 

Fast  11 

49 

56.9 

54.7 

1513 

Slow 

1  47  08.1 

Fast 

6 

49.7 

57.8 

Mean . . 

48  04  11.8 

1481 

Slow 

6  00  52.  3 

188 

Fast 

41.3 

Fast  1 

54 

43.4 

62.1 

Mean . . 

1 

53  57.8 

105°  32'  32".  8 

1319 

Slow 

2  10  00.  8 

Slow 

18 

30.6 

1 

51  30.2 

Sept.  21. 

Polaris  .. 

48  06  09 

1514 

Slow 

1  15  03.  5 

Fast 

36 

27.7 

31.2 

a  Aquilse  . . 

05  55 

235 

Fast 

9  56  01. 1 

Fast  11 

47 

29.7 

28.6 

1513 

Slow 

1  47  03.6 

Fast 

4 

21.6 

30.2 

Mean . . 

48  06  02 

1481 

Slow 

6  00  51.  9 

188 

Fast 

40.8 

Fast  1 

52 

14.0 

33.2 

Mean.. 

1  51  30.7 

104°  55'  46".  3 

1319 

Slow 

2  10  03.6 

Slow 

21 

33.2 

1 

48  30.  4 

Sept.  22. 

Polaris  .. 

48  02  52.5 

1514 

Slow 

1  15  02.5 

Fast 

33 

29.  6 

32. 1 

a  Aquilse  .. 

03  11.5 

2:5 

Fast 

9  56  00. 1 

Fast  1 1 

44 

29.  6 

29.5 

1513 

Slow 

1  47  09.2 

Fast 

1 

21.9 

31. 1 

Mean . . 

48  03  02. 5 

148 1 

Slow 

6  00  51.5 

Slow  4 

12 

18.8 

32.7 

If  8 

Fast 

40.4 

Fast  1 

49 

14.0 

33.0 

Mean.. 

1 

48  31.6 

104°  10'  59".  8 

REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  B.  401 
Longitudes  and  latitudes — Continued. 


Cbr. 

Error  on  Wash- 

Error  on  local 

Longitud 

e  from 

Station  and 

Remarks. 

ington  time. 

time. 

Wash  in 

gton. 

date. 

h. 

111. 

8. 

h. 

m. 

8. 

h. 

m.  8. 

1319 

Slow 

2 

10 

06.3 

Slow 

22 

26.8 

1511 

Slow 

1 

15 

01.5 

Fast 

32 

34.6 

1  47  36. 1 

Near  Fort  Bn- 

Polaris  . .  47  58  58.  8 

235 

ford,  Sept.  23. 

a  Aquilrn  ..  59  20. 8 

1513 

1481 

188 

Mean..  47  59  09.8 

1  47  36. 1 

1319 

Slow 

2 

10 

09.1 

Slow 

24 

35.1 

1  45  34. 0 

Sept.  24. 

Polaris  ..  48  02  09.8 

1514 

Slow 

1 

15 

00.6 

Fast 

30 

34.9 

35.5 

a  Aquilm  ..  01  12.  8 

235 

Fast 

9 

55 

58.1 

Fast  11 

41 

31.  8 

33.7 

1513 

Slow 

1 

47 

10.4 

Slow 

1 

33.3 

37.1 

Mean..  48  01  41.  3 

1481 

Slow 

6 

00 

50.6 

Slow 

4 

15 

13.8 

36.8 

188 

Fast 

39.6 

Fast 

1 

46 

17.2 

37.6 

Mean . . 

1 

45  35. 8 

103°  27'  02".  8 

1319 

Slow 

2 

10 

11.8 

Slow 

27 

27. 5 

1 

42  44. 3 

Sept.  25. 

Polaris  ..  48  06  56.7 

1514 

Slow 

1 

14 

59.6 

Fast 

27 

48.2 

47.8 

235 

Fast 

9 

55 

57. 1 

Fast  11 

38 

42.6 

45.  5 

1513 

Slow 

1 

47 

11.0 

Slow 

4 

21.2 

49.8 

1481 

Slow 

e 

00 

50. 1 

Slow 

4 

18 

01.2 

48.9 

188 

Fast 

39. 1 

Fast 

1 

43 

27.3 

48.2 

Mean .. 

1 

42  47.  4 

102°  44'  56".  8 

1319 

Slow 

2 

10 

14.5 

Slow 

29 

26 

1 

40  48.6 

Sept.  26. 

Polaris  ..  47  46  21 

1514 

Slow 

l 

14 

58.7 

Fast 

25 

48.6 

47.3 

a  Aquilse  ..  45  53.  9 

235 

Fast 

9 

55 

56.1 

Fast  11 

36 

45.9 

49.8 

1513 

Slow 

1 

47 

11.5 

Slow 

6 

19. 1 

52.4 

Mean..  47  46  07.5 

1481 

Slow 

6 

00 

49.7 

Slow 

4 

19 

56.9 

52.8 

188 

Fast 

38.7 

Fast 

1 

41 

31.8 

53.1 

Mean.. 

1  40  50. 7 

102°  15'  46".  3 

1514 

Slow 

1 

14 

57.8 

Fast 

23 

53.0 

1 

38  50.  8 

Sept.  27. 

Polaris  ..  47  31  33.3 
a  Aquilai  ..  21.  6 

1  38  50. 8 

Mean..  47  31  27.5 

1319 

Slow 

2 

10 

20. 1 

Slow 

33 

09.9 

1 

37  10.2 

Sept.  28. 

Polaris  ..  47  20  58.8 

1514 

Slow 

1 

14 

50.8 

Fast 

22 

16.2 

13.0 

a  Aquilse  ..  21  16. 8 

235 

Fast 

9 

55 

54. 1 

Fast  11 

33 

05.2 

11. 1 

1513 

Slow 

1 

47 

12.7 

Slow 

10 

01.0 

11.7 

Mean..  47  21  07.8 

1481 

Slow 

6 

00 

48.8 

Slow 

4 

23 

36.5 

12.3 

188 

Fast 

37.8 

Fast 

1 

37 

51.3 

13.5 

Mean.. 

1 

37  12.0 

101°  21'  05".  8 

1319 

Slow 

2 

10 

22.8 

Slow 

34 

52.7 

1  35  30. 1 

Sept.  29. 

Polaris  ..  47  07  11  8 

1514 

Slow 

1 

14 

55. 9 

Fast 

20 

35.2 

31.1 

a  Aquilm  ..  05.  6 

235 

Fast 

9 

55 

53.1 

Fast  11 

31 

23.6 

30.5 

1513 

Slow 

1 

47 

13.3 

Slow 

11 

42.6 

30.7 

Mean..  47  07  08.7 

1481 

Slow 

6 

00 

48.4 

Slow 

4 

25 

17.2 

31.2 

188 

Fast 

37.4 

Fast 

1 

36 

09.5 

32. 1 

Mean.. 

1 

35  31.  0 

100°  55'  50".  8 

1319 

Slow 

2 

10 

06.3 

Slow 

22 

26.8 

1 

47  39.5 

Fort  Bn  ford. 

By  zenith  telescope, 
Capt.  Gregory  : 

O  /  // 

47  59  22. 19 

1 

47  39.5 

■20 
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STATION-ERRORS  ON  THE  49TH  PARALLEL  OF  LATITUDE, 

BETWEEN  THE  LAKE  OF  THE  WOODS  AND  THE  KOOKY  MOUNTAINS. 


D. 

A. 

B. 

D—  (A  +  B) 

Stations. 

Station  errors,  mean 

Computed  deflec- 

Computed  deflec- 

Unexplained  deflec- 

parallel  =  0. 

tions  1  to  10 
miles. 

tions  10  to  40  miles. 

tions. 

1 

—  2.31 

—  .007 

—  2.30 

2 

4  1.52 

0 

4  1.52 

3 

4  2.  33 

0 

4-  2. 33 

4 

4  3.28 

—  .15 

4  3.43 

5 

-f-  3.50 

—  .23 

4-  3.73 

6 

4  2.95 

—  .  42 

—  .27 

4-  3.64 

7 

4  2.22 

—  .09 

—  .46 

4  2.  77 

8 

4  1.40 

—  .36 

+  1.76 

9 

—  .21 

—  .54 

4-  .33 

10 

—  1.78 

—  .09 

—  1. 16 

—  .53 

11 

—  .78 

—  .15 

—  .74 

+  .11 

12 

+  .06 

—  .65 

4  .71 

13 

—  .30 

—  .46 

4  .16 

14 

—  1.91 

—  .68 

—  1.23 

15 

—  2.23 

—  .83 

—  1.40 

16 

—  .50 

—  .92 

4  .42 

17 

—  .31 

—  1.07 

4  .76 

18 

—  .94 

—  .99 

4  -05 

19 

4  1.77 

—  .38 

4  2. 15 

20 

—  1.91 

4  .10 

—  2.01 

21 

—  .81 

4-  .80 

—  1.60 

22 

+  .98 

-f  1.50 

—  .52 

23 

-  .76 

4-  1.90 

—  2.66 

24 

-f  1.54 

4  3.29 

—  1.75 

25 

4  2.00 

4  2. 16 

—  .16 

26 

4  3.55 

4  2.  85 

4  .70 

27 

4  3.03 

+  2.  80 

4  .23 

28 

4  1.61 

4  2.03 

—  .42 

29 

4  5.94 

4-  1.38 

4  4.56 

30 

-f-  4.30 

4-  .99 

4  3.31 

31 

4  2.09 

4-  .95 

4  1.14 

32 

—  .67 

—  1.  43 

4  .76 

33 

—  5. 32 

—  2.31 

—  1.77 

—  1.24 

34 

—  7.95 

—  7.25 

—  1.37 

4  .67 

35 

—  .67 

—  1.04 

4  .37 

36 

—  .52 

—  1.  00 

4  .48 

37 

—  1.  17 

? 

? 

38 

—  3.  42 

? 

? 

39 

—  6.09 

? 

? 

40 

—  2.  42 

? 

? 

41 

—  1.00 

? 

? 

G 

43".  97  43".  98 

36  '.  09  15".  82 

Means. .. 

2".146 

1". 442 

In  the  preceeding  table,  the  column  B  contains  the  “Station-errors”, 
or  the  discrepancies  between  each  astronomical  determination  of  the  paral¬ 
lel  and  the  mean  parallel.  The  mean  parallel  is  that  with  reference  to  which 
the  sum  of  the  discrepancies  north  is  equal  to  the  sum  of  those  south;  its 
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position  is  determined  by  referring-  all  the  discrepancies  to  one  station  and 
dividing  their  algebraic  sum  by  41. 

It  will  be  noticed  that  the  first  and  last  stations  (Nos.  1  and  40)  observed 
by  this  commission  differ  from  each  other  by  only  0".ll  in  latitude,  although 
346  miles  apart.  The  least  discrepancy  between  adjacent  stations  is  between 
Nos.  35  and  36,  where  at  a  distance  of  24.6  miles  from  each  other,  the 
astronomical  latitudes  differ  only  0A15;  the  largest  discrepancy  is  near  the 
Sweet  Grass  Hills  between  Nos.  34  and  35,  where  the  latitudes  differ  by 
738  feet,  or  7".28.  The  most  northerly  (No.  29)  is  nearly  14"  north  of  the 
most  southerly  (No.  34).  The  mean  deflection  is  2".146. 

These  results  are  shown  more  clearly  on  the  accompanying  diagram. 
The  upper  figure  represents  a  profile  of  the  country  constructed  from 
observations  with  the  mercurial  barometer  at  the  astronomical  stations  and 
from  trigonometric  leveling  in  the  intermediate  points;  the  lower  figure 
shows  the  main  features  of  the  topography  for  a  distance  of  forty  miles  on 
each  side  of  the  line.  The  middle  figure  is  a  representation  (exaggerated 
more  than  200  times)  of  the  relative  positions  of  the  astronomical  and 
mean  parallels.  The  scales  are  given  for  each  figure  (pp.  267). 

Having  given  the  actual  deflections,  it  now  becomes  interesting  to  see 
how  far  these  can  be  accounted  for  by  the  attraction  of  masses  above  the 
surface,  and  how  many  of  them  must  be  referred  to  some  attracting  force 
under  ground,  where,  as  Pratt  says,  “we  seem  to  have  an  unlimited  resource 
upon  which  to  draw,  to  explain  any  anomalies  of  local  attraction  we  may 
perceive  on  the  surface.” 

The  formulae  which  I  have  used  for  calculating  the  deflections  are 
those  deduced  by  Lieut.  Col.  A.  R.  Clarke,  R.  E.,  of  the  British  Ordnance 
Survey.  The  whole  discussion  is  found  at  length  in  his  “Account  of  the 
Principal  Triangulation”,  pp.  576-630,  but  I  shall  merely  give  an  outline  of 
the  manner  in  which  the  deduction  is  made. 

“The  plumb-line  is  acted  upon  by  gravity  G  in  a  vertical  direction, 
and  by  the  disturbing  force  A  acting  in  a  horizontal  direction ;  the  resultant 
of  these  forces  —  V  A2  +  G2  acts  in  a  direction  which  makes  the  angle 

tan-'  with  the  direction  of  gravity.  When  A  is  very  small  in  comparison 
G 
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with  Gr,  this  angle  is  identical  with  its  tangent.”  Using  Airy’s  expression 
for  gravity,  Clarke  shows  that 

ip  —  12A447  ^  (1) 

in  which  Tp  is  the  deflection  caused  by  an  attraction  A,  and  d  is  the  mean 
density  of  the  earth. 

In  order  to  find  the  value  of  A  the  ground  in  the  vicinity  of  the  station 
is  divided  into  compartments  by  a  series  of  radii  and  circles ;  and  the  at¬ 
traction  of  one  of  these  compartments  is  found  to  be: — 

k—p  (/  —  r,)  (sin  a'  —  sin  a,)  y  (2) 

in  which:  p  is  the  mean  density  of  the  compartment. 

li  the  mean  height  of  the  compartment. 

/  and  rt  the  bounding  radii. 

a'  and  at  the  azimuths  of  bounding  radii. 

r'  +r, 
r  -  2 

It  would  be  extremely  inconvenient  to  compute  the  attraction  of  each 
compartment  separately,  and  the  form  of  (2)  immediately  suggests  a  law  of 
division  of  the  lengths  and  direction  of  the  radii,  which  wall  avoid  this,  and 
make  the  second  member  of  the  form,  constant  x  h.  This  law  evidently  is 
to  make  the  lengths  of  the  radii  in  arithmetical  progression,  and  their  direc¬ 
tions  such  that  their  sines  shall  be  in  arithmetical  progression. 

Denoting  then  by  (r)  and  (<s)  the  common  difference  respectively  of 
the  lengths  of  the  radii  and  the  sines  of  their  azimuths,  and  by  Hn  the  sum 
of  the  mean  heights  of  all  the  compartments  between  the  nth  and  n  -f-  1th 
circles  on  the  north,  and  by  H'n  the  same  on  the  south,  we  have: — 

2A  =  p(S)2  ;  +  ^"  (3) 

and  consequently: 

(4) 

^  may  be  taken  at  y  since  the  average  specific  gravity  of  rocks  varies 
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from  2.5  to  3.0,  and  the  mean  density  of  the  earth  is  about  5.5.  If  the  radii 
are  so  drawn  that  their  azimuths  are  sin-1  sin-1  etc.,  ( s )  be¬ 

comes  jqJ  and  if  I4n,  etc.,  be  expressed  in  feet  the  formula  becomes,  for 
n  - j-  1  circles  : 


ip  —  0//.0002357 1 


(a 


-  H5  ,  h3 


h'2  .  el-h#. 


+ . 


2  n  +  1 


(5) 


In  order  to  use  this  formula  contoured  maps  are  necessary  for  finding 
the  mean  heights  ;  our  stadia  surveys  supplied  these  maps  in  the  immediate 
vicinity  of  the  station,  and  for  distant  attractions  I  have  used  200  feet 
contours  on  the  diagram  to  which  I  have  before  referred. 

In  the  preceding  table  the  system  of  deflections  A  was  calculated  with 
radii  whose  common  difference  was  1  mile,  and  which  extended  from  1  to  10 
miles,  except  at  station  34,  where  the  common  difference  of  the  radii  was  2,000 
feet.  The  system  of  deflections  B  was  calculated  with  radii,  whose  common 
difference  was  10  miles,  and  which  extended  from  10  to  60  miles  Deflec¬ 
tions  A  have  been  calculated  at  only  six  stations — those,  namely,  in  the 
vicinity  of  the  Pembina  and  Turtle  Mountains,  and  the  Sweet  Grass  Hills. 
All  the  other  stations  from  1  to  36  are  surrounded,  in  their  immediate  vicin¬ 
ity,  by  level  plains,  only  broken  here  and  there  by  the  gorge  of  a  stream; 
the  maximum  deficiency  of  attraction  of  any  one  of  these  ravines  is  0".3, 
and  this  is  less  than  the  estimated  uncertainty  of  the  numbers  in  column  D. 

Beyond  station  36,  and  in  the  Missouri  Coteau,  we  have  not  sufficient 
data  for  contours. 

It  may  seem  strange  at  first  that  the  distant  attractions  should  be  so 
much  larger  than  those  nearer  the  station ;  but  this  must  always  be  so  in  a 
country  like  the  plains  east  of  the  Rocky  Mountains,  where  there  are  few 
abrupt  irregularities,  but  where  large  tracts  of  country  have  a  gradual  tilt 
in  the  direction  of  the  drainage.  For  instance,  let  us  suppose  a  tract  of 
country  with  a  radius  of  sixty  miles,  which  has  everywhere  a  uniform  slope 
to  the  north  of  only  2  feet  in  a  mile;  the  plumb-line  at  the  center  of  this 
tract  will  be  deflected  less  than  0A04  by  the  attraction  within  the  10-mile 
circle,  but  0T36  by  that  between  the  10  and  60  mile  circles. 
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By  inspecting  the  table  given  above,  we  see  that  some  of  the  observed 
deflections  are  accounted  for  by  the  irregularities  of  the  surface  and  some 
are  not. 

The  column  D  —  ( A  +  B)  contains  the  unexplained  deflections,  the 
mean  of  which  is  l//.442,  or  about  two-thirds  the  mean  of  the  observed  de¬ 
flections.  Only  one-third  of  these  deflections  is  then  accounted  for  by  the 
irregularities  of  the  surface.  If  we  correct  the  latitudes  by  the  deflections 
A  +  B,  the  mean  parallel  will  be  0T39  north  of  its  present  position.  *  *  *  * 

The  results  of  this  investigation  may  then  be  summarized  as  follows : 
On  the  49th  parallel,  between  the  95th  and  114th  meridians,  the  average 
meridional  deflection  of  the  plumb-line  is  2//.146.  At  29  stations  the  deflec¬ 
tions  calculated  from  the  irregularities  of  the  surface  are  in  the  same  direc¬ 
tions  as  those  observed,  and  at  12  stations  they  are  in  the  opposite  direction. 
The  residual  deflections,  unexplained  by  the  irregularities  of  the  surface, 
have  an  average  value  of  1".442,  or  about  two-thirds  of  the  whole  deflection. 

It  is  possible  that  these  results  might  be  modified  by  more  extended 
and  detailed  topographical  surveys  than  it  was  possible  for  us  to  make  con¬ 
sistently  with  our  prime  duty  of  marking  the  parallel  beyond  the  possibility 
of  dispute  and  without  unnecessary  expense. 

F.  V.  GREENE, 

First  Lieutenant  of  Engineers. 
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REPORT 


ON 

THE  DECLINATIONS  OF  THE  STARS  EMPLOYED  IN  LATITUDE  WORK  WITH 
THE  ZENITH  TELESCOPE,  EMBRACING  SYSTEMATIC  CORRECTIONS  IN  DE¬ 
CLINATION  DEDUCED  FOR  VARIOUS  AUTHORITIES,  AND  A  CATALOGUE  OF 
FIVE  HUNDRED  STARS  FOR  THE  MEAN  EPOCH  1875, 


BY 

ASSISTANT  LEWIS  BOSS, 

NOW  DIRECTOR  OF  DUDLEY  OBSERVATORY. 


Dudley  Observatory, 
Albany ,  AT.  Y.,  February  21,  1877. 

Dear  Sir:  After  unexpected  delay  I  have  tbe  honor  to  transmit,  herewith,  my 
report  on  the  accuracy  of  the  declinations  adopted  by  the  United  States  Commission 
in  the  latitude  work  of  the  Northern  Boundary  Survey.  In  doing  this,  permit  me  to 
thank  you  most  cordially  for  the  kind  interest  and  generous  support  which  you  have 
throughout  accorded  to  this  undertaking.  The  sense  of  obligation  is  the  more  keenly 
felt,  when  I  reflect  upon  the  many  imperfections  and  deficiencies  of  the  work;  but 
your  intercourse  with  me  has  been  uniformly  such  as  to  cause  me  to  forget  the  debt, 
and  leaves  only  the  most  pleasant  recollections. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

LEWIS  BOSS, 

Director  of  Dudley  Observatory,  and  late  Assistant 
Astronomer  of  the  United  States  Northern  Boundary  Commission. 

Capt.  William  J.  Twining, 

United  States  Engineers ,  Chief  Astronomer  and 

Surveyor  of  the  United  States  Northern  Boundary  Commission. 


INTRODUCTORY. 

The  method  of  obtaining  latitudes  with  the  zenith  telescope,  which  was  adopted 
by  the  United  States  Northern  Boundary  Commission,  rendered  it  necessary,  in  1872, 
to  calculate  the  declinations  of  a  large  number  of  stars.  The  short  time  allowed  for 
preparation  rendered  a  critical  discussion  of  these  star-places  quite  impracticable. 
The  declinations  adopted  in  the  work  of  1872  were,  therefore,  derived  from  a  limited 
number  of  authorities;  but  were  subsequently  revised  whenever  additional  material 
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could  be  secured.  Thus  the  catalogue  for  1874  was  compiled  from  nearly  all  the 
authorities  which  could  be  obtained  from  the  library  of  the  United  States  Naval 
Observatory. 

The  method  of  reduction  was  substantially  that  employed  by  Argelander  in  the 
seventh  volume  of  Bonn  observations.*  The  principal  deviations  from  this  plan  con¬ 
sisted  in  the  smaller  weights  given  to  declinations  from  the  older  authorities,  and  in 
applying  no  systematic  corrections  to  those  of  a  mean  date  later  than  1SG0. 

Upon  the  accuracy  of  the  adopted  decliuations  depend  the  latitudes  of  twenty-two 
stations  in  the  vicinity  of  the  forty-ninth  parallel.  There  is  every  reason  to  believe 
that  for  the  majority  of  the  stations  the  error  in  location  due  to  instrumental  causes 
is  practically  insignificant,  and  that  if  any  cousiderable  correction  is  needed  it  may 
safely  be  ascribed  to  systematic  error  iu  the  values  of  declination  assigned  to  the 
determining  stars. 

To  ascertain  the  numerical  limits  between  which  the  value  of  such  a  correction  is 
likely  to  exist,  and,  as  far  as  practicable,  to  compute  its  actual  amount,  was  the  original 
purpose  of  this  discussion. 

When  the  work  was  about  half  completed,  it  appeared  that  the  systematic  correc¬ 
tions  and  the  declinations  of  the  principal  stars,  adopted  as  standard  in  this  paper, 
might  prove  acceptable  to  others  engaged  iu  certain  classes  of  astronomical  reductions. 
This  circumstance  led  to  a  considerable  enlargement  of  the  original  scope  of  the  work. 
Only  stars  of  the  northern  hemisphere,  with  a  few  in  the  first  ten  degrees  of  south 
declination,  had  hitherto  been  considered.  The  list  was  now  extended  so  as  to  include 
all  the  stars  of  the  American  Ephemeris. 

Quite  recently,  upon  my  appointment  to  the  astronomical  direction  of  Dudley 
Observatory,  the  work  received  an  additional  impulse  from  my  determination,  in 
reducing  observations  made  with  the  transit  circle,  to  use  a  standard  catalogue  in 
declination  as  well  as  right  ascension.  This  course  was  adopted  for  the  reason  that, 
whenever  the  places  of  the  principal  fixed  stars  can  be  predicted  from  observations 
already  made,  with  greater  accuracy  than  they  can  be  determined  at  any  one  observa¬ 
tory  by  a  single  series  of  a  few  years  duration,  a  desire  for  the  greatest  economy  of 
labor  and  accuracy  in  results  should  dictate  one  of  two  courses:  either  a  special  and 
rigorous  research,  haviug  in  view  the  independent  determination  of  the  places  of  a 
small  number  of  the  brighter  stars;  or,  the  use  of  a  standard  catalogue,  compiled  from 
the  best  available  sources,  to  which  the  observations  of  all  other  objects  should  be 
essentially  referred. 

It  is  much  to  be  regretted  that  owing  to  unavoidable  circumstances  this  change  in 
plan  was  made  too  late  for  the  most  advantageous  disposition  of  materials  available 
for  the  purpose  iu  view.  On  the  other  hand,  the  corrections  and  the  resulting  declin¬ 
ations  are  probably  v  ery  near  those  which  would  have  resulted  from  a  more  systematic 
and  elaborate  discussion,  adopting  the  same  general  principles. 

This  considerable  extension  of  the  original  plan  was  determined  upon  at  a  time 
when  it  was  out  of  the  question  that  the  computations  should  be  completed  during 
the  existence  of  the  boundary  commission;  so  that  in  the  performance  of  the  work  it 
has  been  necessary  for  me  to  incur  many  obligations.  For  material  assistance  I  am 
especially  indebted  to  Prof.  Simon  Newcomb,  of  the  United  States  Naval  Observatory. 


Bonn  Beob.,  Band  VII.,  Abth.  I.,  “  Untersnchuugen  iibor  die  EigenbeweguDgen  von  2b0  Sternen.” 
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Without  his  generous  intervention  it  would  have  been  impossible  for  me  to  have  com¬ 
pleted  the  work  in  its  present  extent,  within  the  prescribed  limits  of  time.  For  further 
aid,  I  am  under  the  greatest  obligations  to  the  office  of  the  American  Ephemeris  and 
Nautical  Almanac;  and  to  the  Dudley  Observatory,  where  the  later  computations  have 
been  carried  on  partly  for  the  purpose  of  constructing  a  standard  catalogue  of  declin¬ 
ations,  for  use  with  the  transit  circle,  as  already  explained. 

The  services  of  several  computers  have  been  engaged  from  time  to  time,  generally 
for  short  periods.  For  such  services,  I  am  chitfly  indebted  to  Assistant  C.  L.  Doolittle, 
since  Professor  of  Mathematics  and  Astronomy  in  the  Lehigh  University,  Pennsylvania, 
and  to  Assistant  O.  S.Wilson,  who  have  labored  on  the  work  in  a  most  disinterested 
and  competent  manner.  My  thanks  are  also  due  to  Thomas  R.  Featherstouhaugh, 
A.  M.,  formerly  assistant  at  the  Dudley  Observatory. 

The  facilities  of  the  Observatory  at  Washington  were  most  kindly  extended  to  me 
by  Admiral  B.  F.  Sands,  Superintendent,  and  by  his  successor  in  office,  Admiral  C.  H. 
Davis.  To  the  various  members  of  the  astronomical  corps  at  that  institution  I  desire 
to  express  my  acknowledgments;  particularly  to  Professors  Eastman,  Darkness,  and 
Nourse,  for  special  courtesies. 

PRELIMINARY  STATEMENT  AND  GENERAL  PLAN  OF  THE  WORK. 

It  is  well  known  that  troublesome  systematic  discordances  exist  even  among  inde¬ 
pendent  declination  determinations  of  the  highest  rank,  while  the  differences  which 
were  found  between  the  earlier  results  of  Bessel,  Brinkley,  and  Pond,  and  even  between 
different  results  by  the  same  astronomer,  were  such  as  to  provoke  an  acrimonious  con 
troversy  and  to  lead  to  most  erroneous  theories.  The  science  of  exact  measurement  of 
zenith  distances  was  no  doubt  very  much  stimulated  by  the  latter  circumstances,  for  iu 
the  period  extending  irom  1820  to  1850  we  have  more  than  one-half  the  entire  material 
now  available  for  researches  upon  the  absolute  declinations  of  the  fundamental  stars. 

For  the  purpose  here  proposed,  it  will  not  be  necessary  to  make  any  extensive 
enumeration  of  the  attempts  which  have  been  made  from  time  to  time  to  ascertain  and 
reconcile  these  differences.  Since  the  appearance  of  Bessel’s  reduction  of  Bradley’s 
observations,* * * §  the  uniform  practice  has  been  to  consider  these  places  for  1755  as  abso¬ 
lute,  and  to  compare  them  with  the  results  of  a  single  modern  series,  or  with  the  mean 
of  two  or  more.  With  the  declinations  and  proper  motions  thus  formed,  the  corrections 
necessary  to  reduce  any  given  series  to  the  standard  could  be  ascertained.  Miidler 
compared  a  number  of  modern  catalogues  with  Pond’s  Catalogue  of  1,112  stars,  the 
proper  motions  being  derived  from  the  Fundamental  Dr.  Gould  reduced  the  star- 
places  now  adopted  in  the  American  Ephemeris  iu  a  similar  manner,  using  for  the 
modern  catalogue  the  Abo  Catalogue  of  the  late  Dr.  Argelander.f  Dr.  Wolfers  cor¬ 
rected  the  declinations  of  Bessel’s  Tabulae  Regiomontance ,  using  for  that  purpose  eleven 
modern  catalogues.  Many  series  of  observations  were  adapted  to  the  system  thus 
formed  through  the  labors  of  Dr.  Argelander  and  Dr.  Auwers.§  The  latter  has  con- 

*  Fundamenta  Astronomies  pro  anno  1755,  ex  observationibus  J.  Bradley,  Auciore  F.  \V.  Bessel.  Regio- 
monti,  1818. 

t  Dorpat  observations,  vol.  xiv.  J.  H.  Miidler. 

t  Dr.  B.  A.  Gould’s  Standard  Places  of  Fundamental  Stars,  United  States  Coast  Survey,  1866. 

§  Tabula}  Eeductionum,  Auciore  J.  Ph.  Wolfers.  Berolini,  1858.  Dr.  Auwers  in  Astronomische  Nachrich- 
t cn.  Dr.  Argelander,  Astronomische  Nachrichten,  Bonn  Beob.  Dd.  vii,  etc. 


412  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


[0] 

tributed  an  exhaustive  independent  investigation  of  declination  corrections  in  Astro- 
nomische  Fachrichten,  Band  04  (pp.  305  to  3S2).  Taking  the  Abo  Catalogue,  referred  to 
the  Fundamental  as  the  medium  of  comparison,  the  corrections  necessary  to  reduce  the 
principal  modern  series  of  observed  declinations  to  the  system  of  the  Abo  are  first 
ascertained  and  afterward  corrected  by  the  mean  of  fourteen  catalogues  judged  most 
suitable  for  the  purpose,  in  such  a  way  that,  for  the  epoch  1755,  the  system  is  that  of 
the  Fundamenta  as  at  first;  but  for  the  mean  modern  date  (about  1837)  that  of  tbe  mean 
of  the  fourteen  catalogues.  Shortly  afterward  (A.  N.,  Bd.  64,  p.  193)  Dr.  Auwers  used 
these  corrections  in  discussing  the  declinations  of  thirty-four  fundamental  and  nine 
circumpolar  stars.  Similar  discussions  and  compilations  relating  to  star  declinations 
have  also  been  made  by  Baily,* * * §  Laugier,t  Safford,f  Bruhns,§  and  others. 

It  is  evident  in  the  cases  cited  that,  if  we  denote  by  A  F  the  correction  required 
by  a  normal  system  for  the  epoch  T,  which  corresponds  to  the  mean  of  the  modern 
catalogues  employed  in  its  formation,  and  by  A  B  tbe  correction  required  for  the  same 
system — or  what  is  the  same  thing,  Bessel’s  Fundamenta — at  the  epoch  1755,  the  cor¬ 
rection  of  the  system  for  any  other  epoch  T'  will  be, 

T—T' 

[A  B—  A  N)  rji_  1755  +  A  F. 

If  we  put  AF—G  and  T=1835,  we  shall  have  as  the  correction  of  the  normal 
system,  when  T/  =  1S75, 

-l  A  B. 

Thus,  if  declinations  are  required  for  tbe  epoch  1875,  a  single  determination  at  that 
date  having  weight  5,  when  the  unit  of  weight  is  the  corresponding  determination  by 
Bradley,  is  worthy  of  more  confidence  than  that  which  is  derived  from  a  discussion 
which  assumes  the  Fundamenta  as  absolute  at  the  epoch  1755,  even  though  modern 
determinations  be  absolutely  without  error  for  the  epoch  1835. 

After  the  time  of  Bradley  we  meet  with  no  important  independent  determination 
of  declination  until  that  of  Piazzi  for  the  mean  epoch  1800.  But  the  instrument  used 
in  this  series  was  entirely  inadequate  for  the  purpose,  and  although  all  the  elements  of 
reduction — precession,  nutation,  and  aberration  excepted — were  derived  from  the  obser¬ 
vations  themselves,  the  execution  of  the  work  is  not  such  as  to  commaud  our  entire 
confidence.  Passing  over  the  circumpolar  catalogue  of  Groombridge  (epoch  1810),  the 
first  which  appears  to  answer  our  requirements  results  from  observations  made  with 
the  Reichenbach  circle,  in  1820  and  1821,  by  Bessel  ( Konigsberg  Beob.,  vol.  vii).  This 
may  be  regarded  as  the  first  example  in  the  new  era  of  declination  determinations  with 
meridian  instruments.  Tbe  form  of  discussion  there  employed  has,  with  slight  modifi¬ 
cations,  served  as  a  model  for  similar  independent  researches  of  the  highest  order  ever 
since  that  time;  and  since  this  epoch  there  is  no  lack  of  material  for  the  formation  of 
standard  catalogues  of  declination. 

*  Catalogue  of  the  Royal  Astronomical  Society  for  1830.  British  Association  Catalogue  cf  8,377 
stars  for  the  epoch  1850,  etc. 

t  Me  moire  sur  la  Determination  dis  Distances  rolaircs  des  Etoilcs  Fondamcntales  par  E.  I.aitgur.  Deux- 
idme  section,  p.  75. 

t  Annals  of  Harvard  College  Observatory;  Memoirs  American  Academy,  New  Scries,  vol.  iii ;  Mean 
declinatious  of  981  stars  for  1875,  Washington,  1873,  etc. 

§  Generalbcrieht  dcr  Europdischen  Gradmessung ,  1871. 
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It  will  be  shown  that  the  interval  of  time  between  the  group  of  early  determina¬ 
tions  by  Bessel  (1S21),  Struve  (1S24),  and  Argelander  (1829),  and  the  later  ones  at 
Leiden,  Melbourne,  Greenwich,  and  Washington  observatories  (not  to  mention  inter¬ 
mediate  catalogues),  is  quite  sufficient  for  an  independent  judgment  as  to  the  approxi¬ 
mate  accuracy  and  consequent  weight  of  Bradley’s  results,  and  that  a  reliable  system 
of  corrections  to  the  various  catalogues  may  be  founded  on  a  discussion  of  recent  cata¬ 
logues  alone,  taking  as  the  earliest  that  of  Bessel  for  the  mean  epoch  1821. 

Having  premised  this  much,  for  the  purpose  of  a  more  exact  understanding  of  the 
scope  and  contents  of  the  succeeding  pages,  the  successive  steps  and  objective  points 
will  be  indicated  in  brief.  These  are: — 

1.  The  selection  of  stars  to  form  the  catalogue,  and  particularly  of  a  list  of  stars 
most  frequently  observed,  which  shall  serve  as  the  basis  of  the  nornml  system  and  as 
a  medium  of  comparison  between  the  various  series  of  observations. 

2.  The  formation  of  approximate  positions  aud  proper  motions  for  the  fictitious 
epoch  1875.0.  These  will  be  necessary  for  the  computation  of  precession  coefficients. 
Furthermore,  the  values  of  the  assumed  d  and  //  should  be  fair  approximations,  for 
reasons  which  will  appear  iu  the  proper  place. 

3.  The  computation  of  precession  coefficients,  and  with  the  aid  of  these  (and  in  the 
case  of  close  circumpolar  stars  by  the  rigorous  formulae)  the  reduction  of  the  individual 
declinations  to  the  required  epochs,  in  order  that  the  assumed  declinations  may  be  cor¬ 
rected  by  comparison  with  the  observed  values. 

4.  The  selection  of  catalogues  and  series  of  observations,  which  shall  serve  in 
various  stages  of  the  work  to  correct  the  assumed  declinations.  These  will  be  divided 
into  three  classes. 

5.  The  application  to  the  declinations  given  by  these  catalogues  of  certain  correc¬ 
tions  deemed  advisable  from  an  inspection  of  the  constants  and  methods  of  reduction, 
and  numerous  compilations  of  the  results  of  several  successive  years  at  the  same  obser¬ 
vatory  into  single  catalogues  embracing  convenient  intervals  of  time.  Tliese  correc¬ 
tions  are  such  as  can  be  determined  without  recourse  to  comparisons  of  the  determina¬ 
tions  of  one  instrument  with  those  of  another.  The  compilations  are  for  the  purpose 
of  rendering  available  a  large  mass  of  material  that  would  otherwise  be  inconvenient 
or  unsuitable  for  the  purpose  here  proposed.  Generally,  published  catalogues,  which 
combine  iu  one  determination  the  results  of  several  years,  have  been  used  without 
change. 

6.  The  collection  of  results  and  formation  of  the  approximate  normal  system  from 
a  discussion  of  the  declinations  of  the  fundamental  and  principal  circumpolar  stars, 
using  for  this  purpose  only  those  series  of  observations  which  are  supposed  to  give 
determinations  of  sufficient  independence  and  weight. 

7.  By  the  aid  of  the  approximate  corrections  to  the  selected  list  of  authorities  to 
enlarge  the  number  of  standard  declinations,  and,  in  turn,  with  these  to  derive  the 
systematic  correction  required  by  Bradley’s  observations  as  reduced  by  Bessel  in  the 
Fundamenta  Astronomice. 

8.  With  this  correction  together  with  those  previously  found,  and  with  an  increased 
list  of  stars,  to  ascertain  corrections  to  the  assumed  declination  and  proper  motion  of 
each  star;  and  taking  them  as  a  basis,  to  compute  definitive  corrections  and  weights 
for  all  the  catalogues  except  those  of  the  third  class;  with  which  final  weights  and 
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corrections,  the  definitive  declinations  are  computed  (as  they  appear  in  the  cata¬ 
logue  at  the  end  of  this  paper),  a  few  excepted  which  depend  on  a  small  number  of 
authorities. 

9.  The  computation  of  a  few  systematic  corrections  to  catalogues  of  the  third 
class;  and  the  formation  of  all  remaining  declinations  for  the  final  catalogue. 

10.  A  few  deductions  relative  to  the  accuracy  of  the  declinations  formerly  adopted 
in  obtaining  latitudes  on  the  Northern  Boundary. 

SECTION  I. 

SELECTION  OF  STARS. 

The  preliminary  catalogue  necessarily  embraces  all  the  stars  used  in  zenith  tele¬ 
scope  work  of  the  United  States  Northern  Boundary  Commission,  1872-1875. 

All  of  the  stars  of  the  American  Ephemeris  for  which  apparent  places  are  given  in 
that  publication  are  added  to  this  list,  Sirius  and  Procyon  excepted.  The  great 
majority  of  these  stars  are  required  for  the  purpose  of  constructing  the  normal  system. 
These  were  supplemented  by  a  considerable  number  of  the  Poulkova  Hauptsterne, 
preference  being  given  to  those  most  frequently  observed  at  Poulkova  and  elsewhere. 

At  the  suggestion  of  others  a  few  stars  were  added  which  might  servo  for  latitude 
determinations  with  zenith  telescope  on  or  near  the  parallel  of  89°  north  latitude. 

Effectively,  the  selection  may  be  regarded,  for  convenience,  as  embracing  at  least 
five  different  classes  of  stars  : 

a.  The  fundamental  and  principal  circumpolar  stars  which  have  been  by  common 
consent  quite  universally  observed. 

h.  A  class  of  stars  less  frequently  observed,  but  with  the  cbservations  so  distrib¬ 
uted  in  time,  that  reliable  determinations  of  declination  and  proper  motion  can  be  had 
without  recourse  to  Bradley’s  observations;  and  which,  together  with  the  fundamental 
stars,  may  serve  to  construct  an  approximate  normal  system  for  the  epoch  1755. 

c.  A  class  of  stars  similar  to  the  last,  but  lacking  in  satisfactory  authorities  for 
the  epochs  included  between  1820  and  1840.  After  the  systematic  corrections  of  the 
older  authorities  are  ascertained,  these  will  serve  equally  with  the  preceding  in  deter¬ 
mining  the  systematic  corrections  required  by  the  principal  authorities. 

d.  A  considerable  number  of  stars,  which  do  not  furnish  proper  material  for  ascer¬ 
taining  systematic  corrections  to  the  principal  authorities,  but  which  will  be  found 
valuable  for  the  purposes  of  perfecting  the  system  of  corrections  adopted  for  a  few 
catalogues  of  small  weight,  and  for  extending  the  system  to  catalogues  deficient  in 
observations  of  the  first  three  classes  of  stars. 

e.  The  remaining  declinations  are  such  as  depend  on  few  authorities,  and  are  prac¬ 
tically  of  no  service  in  ascertaining  systematic  corrections.  They  belong  to  the  class 
of  stars  selected  and  used  for  observation  with  the  zenith  telescope;  and  it  is  desirable 
to  calculate  their  declinations  with  whatever  precision  can  be  attained  by  the  use  of 
all  authorities  that  are  conveniently  accessible. 
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SECTION  II. 

APPROXIMATE  POSITIONS  FOR  1875.0. 

Our  plan  contemplates  tbe  assumption  at  a  given  epoch  of  approximate  values  of 
the  right  ascension  and  declination,  and  of  proper  motion  in  both  co-ordinates.  These 
will  serve  for  the  accurate  computation  of  the  precession  coefficients.  For  this  pur¬ 
pose  it  is  simply  necessary  to  avoid  errors  which  are  large  enough  to  introduce  appre¬ 
ciable  errors  in  those  terms  of  precession  in  declination  that  depend  on  the  higher 
powers  of  the  time,  and  in  the  geometrical  part  of  the  annual  variation.  It  is,  however, 
desirable  in  order  to  facilitate  subsequent  computations  that  the  declination  and  its 
proper  motion  should  be  so  determined  that  the  corrections  they  may  require  will 
not  be  inconveniently  large ;  and  that  the  difference  between  the  assumed  and  con¬ 
cluded  proper  motions  will  not  be  so  large,  that  the  neglect  of  the  small  difference 
between  the  adopted  mean  epoch  of  observation  for  each  catalogue  and  the  particular 
mean  for  a  given  star  will  seriously  affect  the  final  result  for  declination  and  proper 
motion. 

The  epoch  of  reduction  selected  for  the  catalogue  is  the  fictitious  or  Besselian 
epoch  1875.0. 

Right  ascension. 

For  the  fundamental  stars  this  is  copied  from  Professor  Newcomb’s  paper,  Appen¬ 
dix  III.,  Washington  Observations  for  1870.  The  proper  motions  are  from  the  same 
source. 

Except  for  stars  south  of  declination  —  30°,  the  remaining  right  ascensions  are 
taken  from  the  American  Ephemeris  for  1875,  as  far  as  possible.  The  following  incon¬ 
siderable  corrections  are,  however,  applied  in  most  cases.  They  are  intended  to  reduce 
these  right  ascensions  to  the  standard  of  Professor  Newcomb’s  paper,  above  cited. 


Hour. 

Correction. 

Hour. 

Correction. 

Hour. 
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—  . 

01 

14 
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.00 
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+ 

.03 

7 

—  . 

02 

15 
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.01 
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.03 

8 

—  . 

02 

16 

+ 

.01 

24 

+ 
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The  proper  motions,  in  A.  E.,  of  these  stars  were  taken  from  the  Star  Tables  of 
American  Ephemeris  (Wn.,  1809).  They  are  mostly  those  of  Dr.  B.  A.  Gould’s  Stand¬ 
ard  Places  of  Fundamental  Stars,  United  States  Coast  Survey,  second  edition  (Wn., 
1800).  For  other  stars  the  A.  R.  and  j a  were  computed,  if  possible,  from  at  least  two 
good  modern  authorities  compared  with  either  Bradley,  Piazzi,  or  Groombridge,  and 
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occasionally  with  all  three.  The  authorities  were  first  corrected  by  the  tables  of  Pro¬ 
fessor  Newcomb’s  paper  just  mentioned.  In  a  few  cases  where  older  authorities  were 
wanting  the  assumed  A.  R.  and  /*  were  computed  with  greater  care. 

Declinations. 

In  computing  assumed  declination  and  proper  motion  in  declination,  the  preference 
was  given:  first,  to  the  Northern  Boundary  catalogue  of  latitude  stars  for  the  epoch 
1874.0;  second,  to  tbe  declinations  for  1870.0  reduced  by  Bruhnsfor  the  Gradmessung, 
and  contained  in  Generalbericlit  der  Duropdischen  Gradmessung  fur  1871;*  third,  exclud¬ 
ing  stars  south  of  —  30°  declination,  to  the  declinations  for  1875.0  of  the  American 
Ephemeris ;  and  fourth,  in  the  failure  of  these  three  sources  of  supply,  declinations 
were  computed  in  a  manner  entirely  analogous  to  that  adopted  with  right  ascensions, 
except  that  no  systematic  corrections  were  applied.  Nearly  all  the  declinations  of 
stars  south  of  —  30°  declination  were  formed  from  the  mean  of  Mr.  Stone’s  recent 
catalogue  of  Maclear’s  observations  at  the  Cape  for  18G0,  and  the  First  Melbourne 
Catalogue  for  1870,  the  assumed  proper  motions  being  copied  from  the  latter.  In 
“Details  of  Corrections  to  Assumed  Places”  the  preliminary  a  and  8  with  their 
assumed  variations  are  given  at  the  head  of  the  table  for  each  star. 


SECTION  III. 

COMPUTATION  OF  PRECESSION  TERMS. 

The  constants  of  Peters  and  Struve  have  been  adopted.  They  aref: — 

m  =  40".  0G23  +  0".0002849  ( t  -  1800) 
n  =  20//.0G07  -  0".0000S63  ( t  —  1800), 

where  t  is  expressed  in  years.  These  are  now  in  very  general  use,  and  probably  are 
not  far  from  the  correct  values.J 

At  any  rate,  since  our  object  is  not  so  much  to  ascertain  the  exact  amount  of 
proper  motion  as  to  know  the  total  change  produced  by  the  annual  movement,  great 
accuracy  is  required  only  in  terms  of  precession  involving  higher  powers  of  the  time. 
The  effect  of  proper  motion  has  been  considered  in  every  case,  and  for  this  purpose 
the  formulae  given  by  Professor  Hill  in  Star  Tables  of  the  American  Ephemeris  (p.  xix) 
have  been  adopted.  The  coefficient  of  t 3  has  received  a  slight  modification  due  to  the 
neglect  of  small  terms.  So  that,  if  the  first  and  second  differential  coefficients  in  both 


*  “Die  Declinationcn  der  bei  der  Gradmessung  zu  Brtitenbestimmungen  benutzten  Fixsterne ,”  C.Bruhns. 
The  declination  ancl  f  of  a  Ccphei  there  giveri  appear  to  be  in  error.  Taking  the  geometrical  precession 
as  computed  on  p.  14,  the  seconds  of  <5  for  Bradley’s  observations  reduced  to  1870,  should  be04".23  instead 
of  06".26  as  printed  in  the  last  column  of  p.  7.  The  corrected  proper  motion  will  be  -f-  ".024  instead  of 
-)-  ".006,  and  the  seconds  of  6  for  1870,  7".  13  instead  of  7". 03. 

t  Numerus  Constans  Nutalionis,  pp.  66,  71.  Dr.  C.  A.  F.  Peters. 

t  Dr.  C.  Bruhns  in  “  Die  Declinationen  der  bei  der  Gradmessung, ”  n.  s.  u.,  takes  the  same  course,  *  *  * 
“da  dieselbe  [precession  of  Struve]  zwischen  dtm  Werllie  der  Bessel’ schen  und  der  Leverrier' schen  Prcecession 
liegt  und  nach  den  neueren  Beobachtungcn  die  Varialio  scecularis  von  Struve  und  Leverrier,  die  fast  identisch  ist, 
entscilieden  genauer  als  die  Bessel’s  the  Vanatio  scecularis  sichfindet,”  pp.  2  and  3 
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co  ordinates  arc  known,  the  computation  of  will  be  sufficiently  rigorous,  simple, 
and  expeditious.  In  computing 


n  /  d2a  rift's. 
R  V  dt ?  dt ) 


sin  a, 


^-is  usually  without  sensible  influence  on  the  result.  Let 

a  and  8  =  respectively  the  right  ascension  and  declination  of  a  star, 

p.  and  fjJ  —  the  corresponding  proper  motions, 
n  and  m  =  coefficients  of  precession, 

^  and  ^  =  their  respective  annual  variations. 

We  shall  have: — 

—  =  m  +  n  sin  a  tan  8  4-  a 
dt 

—  =n  cos  a  +  i>! 
dt 

—  —nfi  cos  a  tan  8  +  n  ft'  sin  a  sec2  8  -j-  2  f±  ft'  tan  8 
dt 

d[tf 


=  —  n  fi  sin  a  —  J  ft2  sin  28 

Ul 

d2a  m  dn  .  dm  .  dnl  / da  \  .  /  da  ,  \  ,  . 

-na  =  —  -  -TL  +  -JT  +  -n  ~  (  -rr  ~  !>■  )  +  n  (  -rr  +  tJ-  )  COS  a  tan  8 

dt2  n  dt  dt  dt  n  \dt  /  \dt  J 

+  n  +  fj/^j  sin  a  sec2  8  +  2  ft  //  tan  8. 

d28  .  dn  1  / dS  /da  ,  \  .  .  ,  .  OI 

dt 2  dt  n  \dt  J  \dt  J  2 


d?8  _  _  9  dn  /da  /t 
dt3  dt  \dt  2 


sin  a 


28 

/ d2a  ,  dfj.\  ■  / da  .  \  / da\ 

—  n  (  —5-  +  —  )  sin  a  —  n[—  +  fj.  )  (  —  cos  a. 

\dt2  dt/  \dt  J  \dt/ 


If  a,  ft.  m,  and  ^  are  expressed  in  time,  and  the  factor  supplied,  when  necessary, 
dt  R 

we  have  the  following  tables  of  logarithmic  values  for  the  coefficients,  the  arguments 
being  the  year,  and  quantities  depending  on  the  place  of  the  star,  except  for  the  first 
table,  which  simply  gives  the  values  of  m  and  n  for  various  epochs: — 


Year. 

m 

n. 

log  n 

l0«15 

1750 

8. 

3. 06987 

h 

20. 0650 

1. 3024395 

0. 126348 

1775 

3.  07035 

20.  0629 

1. 3023928 

0. 126302 

1800 

3. 07082 

20.  0607 

1.  3023461 

0. 126255 

1825 

3.  07129 

20. 0585 

1. 3022994 

0. 126208 

1850 

3.  07177 

20.  0564 

1.  3022527 

0. 126162 

1875 

3. 07225 

20. 0542 

1. 3022059 

0. 126115 

1900 

3.  07272 

20. 0521 

1.  3021592 

0. 126068 

418  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


[12] 


d2a 

(it2 


Year. 

Constant. 

Log.  coefficients  of — 

da 

dt~f 1 

(jit  +  cos  a  tan  4 

/dS  A  . 

(  -{-  ix  Jsin  a  sec3  0 

fi  lx!  tan  4 

(  — lOi 

(-10) 

(-10) 

(-10) 

1750 

+  .0000  3220 

4.  G3357 n 

5.98801 

4.81192 

4. 9866 

1775 

3220 

4.  63362  n 

5.  98797 

4.81188 

K 

1800 

3220 

4.  03366  n 

5. 98792 

4.81183 

t( 

1825 

3221 

4. 03371  n 

5. 98787 

4.81178 

U 

1850 

3221 

4.  03370  n 

5.  98783 

4.81174 

it 

1875 

3221 

4.  03380  n 

5.  98778 

4.81169 

it 

1900 

-f-  .0000  3222 

4. 63385  n 

5. 98773 

4.  81164 

u 

(Pd 

dt2 


Log.  coefficients  of- 

Year. 

jil  sin  2d 

(3-0 

+  S'ma 

1750 

(-10) 

6. 73673  n 

(-10) 

4.63357  n 

(-10) 

7. 164105  n 

1775 

a 

4.  63362  n 

7. 164059  n 

1800 

u 

4.  63366  n 

7. 164012  n 

1825 

u 

4.  63371  n 

7. 163965  n 

1850 

u 

4. 63376  n 

7. 163918  n 

1875 

u 

4.  63380  n 

7. 163872  n 

1900 

u 

4.63385  n 

7. 163825  n 

(Pd 

dt3 


Year. 

Log.  coefficients  of— 

/  da  ix\  . 

(^dT+2  J8ma 

/  iPa  du\  . 
[Ifi+Mj  sma 

/'da  \  / da\ 

[Tt  +  i2  )  {ji )  cosa 

1750 

1775 

1800 

1825 

1850 

1875 

1900 

(-10) 

2. 09871 

ii 

U 

♦  i 

it 

(l 

(t 

(-10) 

7. 16411  n 

7. 16403  n 

7. 16401  n 

7. 16396  n 

7. 16392  «. 

7. 16387  n 

7. 16383  ji 

(-10) 

3.  02577  n 

3.  02573  n 

3.  02568  it 

3. 02563  n 

3.  02558  n 

3.  02554  n 

3. 02549  n 
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With  these  tables,  and  with  the  assumed  values  of  a,  8,  p,  and  /F, 


(la  (l2  a  (lo  d~o 

lit’  dip  dt'  dt1’ 


d3d 

and  —  were  computed  for  the  epoch  1875  for  every  star.  The  values  of  all  these  will 

(XL 

be  found  in  the  definitive  catalogue  (end  of  this  Appendix),  except  that  of  — ,  for 

(it 

which  the  catalogue  gives  the  corrected  value.  The  assumed  value  of  —  and  will 

dt  dt 

be  found  with  assumed  values  of  a  and  8  at  the  head  of  the  table  for  each  star  in 
“  Details  of  Corrections  to  Assumed  Places.” 

Having  now  assumed  declinations  and  variations  in  precession  for  1875.0,  the 
position  for  any  other  date,  T  will  be: — 


8  +  ~{T- 
r  dt K 


1875)  +  {T  —  1875): 

(X  L 


+  lg(T-1875)’ 


By  this  formula  the  declinations  of  all  the  Nautical  Almanac  stars,  with  others 
most  frequently  observed,  were  computed  for  the  dates  1755,  1800,  1810,  1820,  and  for 
each  succeeding  year  until  1875.  Stars  less  frequently  observed  were  computed  only 
to  those  dates  actually  required.  The  computation  in  every  part  was  carefully  scrutin¬ 
ized,  and  either  checked  by  differences  or  duplicated. 

For  stars  within  5°  of  the  pole,  and  for  one  or  two  others  at  particular  dates,  the 
above  proceeding  will  not  answer.  These  were  rigorously  reduced  by  the  trigonomet¬ 
rical  formulae  to  the  required  dates  before  and  to  every  five  years  after  1820  from  places 
and  proper  motions  assumed  for  the  epoch  1855.  The  following  formulae,  taken  from 
Cbauvenet’s  Spherical  and  Practical  Astronomy  (vol.  i,  p.  G15),  were  used: — 


in  which 


p  =  sin  0  (tan  8  +  tan  \  0  cos  A) 


tau  (A1  —  A) 


p  sin  A 


1  —  p  cos  A 

tau  £  ( 8 '  -  8)  =  tau  \  0  ( \  \A'  + 

2  v  2  Vcos  J  [A1  —  A)  ) 


A  =  a  +  £  +  i9,  aud  A'  =  a'  —  z'  + 


a  and  a'  being  respectively  the  assumed  and  required  right  ascensions,  #  the  planetary 
precession,  and  z,  z',  and  0  are  found  from  the  formulae : — 

tan  £  (z'  +  z)  =  tan  £  (p  —  <p)  cos  £  (e/  +  ex) 

(  _ ^  (e/  —  e) _ 

s  ^  tan  fy(p  —  ip)  sin  £  (ei'-f-  sj) 

sin  £  0  =  sin  \  (p  —  </•■)  sin  £  (£/  +  ex), 

where  the  symbols  used  have  the  same  signification  as  in  the  place  from  which  the 
formulae  are  cited.  Reckoning  from  1S00,  we  have  #  =  +  7//.584.  For  the  other  quan¬ 
tities  I  have  computed  the  following  table: — 
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Table  giving  values  of  V,  0 ,  log.  tan  h  0,  and  log.  sin  0 ,  in  the  formulae  for  reducing 

star  places,  from  1855,  to  other  dates. 


Date. 

i?' 

z 

z 

io 

log.  tan  6 

log  sin  6 

// 

/  // 

/  // 

/  // 

(-10) 

(-10) 

1755 

—  7. 293 

— 

38  31.  402 

— 

38  29.  890 

— 

16  42. 994 

7. 6868766  n 

7. 9878963  n 

1790 

—  1.536 

— 

25  05.201 

— 

24  58.  399 

— 

10  51. 904 

7. 4997603  n 

7. 8007864  n 

1800 

000 

— 

21  14.881 

— 

21  06.567 

— 

9  11.601 

7.  4272008  n 

7.  7282277  n 

1805 

+  0.750 

— 

19  19.726 

— 

19  10.  656 

— 

8  21.  450 

7. 3858037  n 

7. 6868312  n 

1810 

+  1.488 

— 

17  24.574 

— 

17  14.748 

— 

7  31.301 

7.  3400421  n 

7. 6410700  n 

1815 

+  2.  213 

— 

15  29.  423 

— 

15  18.841 

— 

6  41.152 

7. 2888849  n 

7.  5899133  n 

1820 

+  2.927 

— 

13  34.274 

— 

13  22. 936 

— 

5  51.  005 

7. 2308885  n 

7.  5319172  n 

1825 

+  3.629 

— 

11  39. 131 

— 

11  27.  037 

— 

5  00.  858 

7. 1639373  n 

7. 4649665  n 

1830 

+  4.318 

— 

9  43.  989 

— 

9  31. 139 

— 

4  10.713 

7. 0847517  n 

7.  3857811  n 

1835 

+  4.  995 

— 

7  48.849 

— 

7  35.243 

— 

3  20. 568 

6. 9878370  n 

7. 2888666  n 

1840 

+  5.661 

— 

5  53.  712 

— 

5  39.  350 

— 

2  30.  424 

6.  8628935  n 

7. 1639233  n 

1845 

+  6.314 

— 

3  58.577 

— 

3  43.459 

— 

1  40.282 

6.  6867983  n 

6. 9878282  n 

1850 

1855 

-f  6.  955 

— 

2  03. 448 

— 

1  47.568 

— 

0  50. 140 

6. 3857631  n 

6. 6867930  n 

I860 

+  8.201 

1  46.812 

"f- 

2  04. 198 

+ 

0  50. 139 

6.  3857545 

6. 6867844 

1865 

4-  8.  805 

+ 

3  41.937 

+ 

4  00.  079 

+ 

1  40.278 

6.  6867794 

6. 9878093 

1870 

-f  9.398 

+ 

5  37.  061 

+ 

5  55. 957 

+ 

2  30. 415 

6.  8628659 

7. 1638957 

1875 

+  9. 979 

7  32. 179 

+ 

7  51. 833 

+ 

3  20.  551 

6. 9877997 

7. 2888293 

SECTION  IV. 

SELECTION  OF  AUTHORITIES. 

Nearly  all  authorities  for  declination  which  were  conveniently  accessible  have 
been  selected  for  use.  The  scattered  observations  iu  astronomical  journals,  and  zone 
observations,  with  a  few  others  of  small  weight,  have  generally  been  neglected.  For 
convenience  I  have  divided  them  into  three  classes,  for  reasons  which  will  subse¬ 
quently  appear. 

Class  I. 

Embraces  catalogues  and  series  of  observations  which  have  been  adopted  in  con¬ 
struction  of  the  normal  system.  The  designation  of  each  catalogue  is  first  given, 
the  principle  of  nomenclature  being  that  the  letters  usually  indicate  the  first  and  final 
letters  in  the  name  of  the  observatory  according  to  the  English  spelling,  and  the  fig¬ 
ures  the  mean  year  of  observation,  roughly  estimated.  In  designating  the  various 
annual  catalogues  (as  well  as  compilations)  in  such  series  as  those  of  Greenwich  and 
Washington,  this  system  is  found  to  be  very  convenient. 

Kg  21.  BessePs  observations  in  1820  and  1821  with  the  Reichenbach  Circle,  pub¬ 
lished  in  Kon.  Beob.  Bd.  vii.  Dollen’s  discussion  has  been  adopted,  however.  This  is 
fouud  in  “ Eecueil  de  Memoir cs  des  Astronomes  de  V Observatoire  Central  de  Russief  vol. 
ii,  p.  203  to  232.  The  seconds  of  declination  are  adopted  from  column  headed  “B2”  in 
tables  iii  and  iv.  These  differ  from  BessePs  own  reduction  (Eon.  Beob.  Bd.  vii)  by  the 
quantity 

+  ".30  +  0"  56  sin  Z  +  "023  tan  Z 

which  must  be  applied  as  a  correction  to  BessePs  declinations.  The  declinations  so 
reduced  adopt  for  the  horizontal  flexure  +  0".5G,  which  is  the  mean  between  that  found 
by  Bessel  in  1S20-’21,  from  reflection  observations,  and  afterward  by  horizontal  colli- 
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mators.  The  reduction  of  the  observations  in  this  manner  is  found  to  correspond 
closely  with  Bessel’s  observations  of  the  sun.* 

Gh  22.  Olufsen’s  reduction  of  Pond’s  observations  at  Greenwich  for  the  year  1822, 
printed  in  Ast.  Nach.  422. 

Dt  24.  Struve’s  declinations  in  “  Catalog  ns  Primarius ,  p.  xxxxviii,  Introduction 
“  Stellarum  Fixarum  imprimis  Duplicium  et  Multiplicium  Positiones  Medico  •pro  Epocha 
1830.0.” 

Ao  29.  The  Abo  Catalogue  of  Argelander,  “  DLX  Stellarum  Fixarum  Positiones 
Medico ,  ineunte  Anno  1830.” 

S.  H.  31.  Johnston’s  St.  Helena  catalogue.  “A  Catalogue  of  006  Principal  Fixed 
Stars  in  the  Southern  Hemisphere,  deduced  from  observations  made  at  the  observ¬ 
atory,  St.  Helena,  from  November,  1829,  to  April,  1833.”  The  epoch  of  reduction 
is  1830. 

C.  G.  H.33.  Henderson’s  declinations  derived  from  observations  made  at  the  Cape 
of  Good  Hope.  The  series  extends  from  May  10, 1832,  to  May  24,  1833,  and  is  reduced 
to  the  mean  epoch  1833.  It  is  found  in  Memoirs  of  the  Royal  Astronomical  Society, 
vol.  x,  i).  80. 

Ce  34.  Airy’s  observations  at  Cambridge,  England,  taken  in  the  years  1833,  ’34, 
and  ’35,  and  printed  in  the  annual  volumes  of  the  observatory  for  those  years. 

Eh  37.  Henderson’s  observations  made  at  the  Royal  Observatory  in  Edinburgh, 
in  the  years  1834-’39,  and  printed  in  the  annual  volumes  for  those  years. 

Kg  38.  Bessel’s  declinations  observed  with  the  Reichenbach  circle  in  1836-’40. 
These  are  reduced  by  Busch,  and  the  results  are  found  in  Ast.  Nadu,  422. 

Gh  39.  Greenwich  observations,  which  form  the  first  part  of  the  Greenwich  Twelve- 
year  Catalogue.  They  are  reduced  to  the  epoch  1840,  and  embrace  the  results  from 
two  mural  circles,  for  the  period  1830-1841. 

Ce  40.  These  are  the  first  observations  made  under  the  directorship  of  Rev.  J.  E. 
Challis.  They  extend  from  the  year  1830  to  1844,  both  inclusive,  and  are  taken  from 
the  annual  catalogues  of  the  Cambridge  observatory. 

Eh  43.  Henderson’s  Edinburgh  results  found  in  annual  catalogues  1841-44.  They 
are  reduced  by  Professor  Smyth. 

Kg  43.  There  are  three  reductions  of  this  series.  I  have  used  that  found  in  Ast. 
Nach.,  1070,  made  by  Luther.  The  observations  were  made  in  yTears  1842-44,  by  Bes¬ 
sel,  at  the  Kouigsberg  observatory,  with  Repsold  circle. 

Gh  45.  Secoud  part  of  the  Greenwich  Twelve-year  Catalogue,  embracing  Green¬ 
wich  observations  1842-1847,  reduced  to  the  epoch  1845. 

Pa  45.  The  catalogue  of  declinations  given  for  the  epoch  1845.0  in  the  fourth  vol¬ 
ume  of  “  Observations  de  Poulliovav  (p.  50).  The  observations  were  made  with  the  ver¬ 
tical  circle  by  Dr.  Peters,  in  1842-1849,  and  the  reductions  are  partly  made  by  him  and 
partly  by  Dr.  Gylden. 

Re  45.  First  “  Radclifi'e  Catalogue  of  0317  Stars  chiefly  circumpolar,  reduced  to 
the  Epoch  1845.0,”  Johnson. 

Wn  47.  The  annual  catalogues  of  the  Washington  observatory  for  the  years  1845- 
1848  inclusive.  The  observations  are  made  with  the  mural  circle,  by  various  observ¬ 
ers.  (The  results  of  the  four  succeeding  years  occasionally  exhibit  enormous  discrep- 


*  Vide,  Dolleu’s  Memoir,  p.  221. 
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ancies  both  among  themselves  and  when  compared  with  the  approximate  places  above 
mentioned.  No  use  is  made  of  these  lour  catalogues,  1849-1852.) 

Ce  4S.  Cambridge  (Eng.)  annual  catalogues,  1845-1851. 

Gh  51.  Greenwich  Six-year  Catalogue,  epoch  1850. 

Ps  53.  Laugier’s  declinations  with  the  Gambey  circle  at  Paris  observatory,  princi¬ 
pally  made  in  the  years  1852  and  1853,  and  reduced  to  the  epoch  1852.  They  are 
taken  from  pp.  72  to  74  of  “  Memoir e  sur  la  Determination  des  Distances  Polaires  des 
Etoiles  Fond  ament  ales,  par  E.  Rangier,”  tome  sxvii,  2e  partie  des  Memoires  de  VAcademie 
des  Sciences. 

So  55.  Moesta’s  declinations  with  the  Pistor  and  Martin’s  circle  at  Santiago  in  the 
years  1853-1855,  reduced  to  the  epoch  1855,  and  printed  in  “  Observations  Astronomi- 
cas  hechas  en  el  Observatorio  Nacional  de  Santiago ,  en  los  afios  de  1853, 1854,  y  1855,  por 
el  Dr.  Chrlos  Guillermo  Mosta,  director  del  observatorio.”  Tomo  I.  Santiago  de  Chile 
1859. 

Wn  56.  This  series  embraces  observations  with  the  Washington  mural  circle  in 
the  years  1853-1858.  They  are  reduced  and  the  results  printed  in  Appendix  II.,  Wash¬ 
ington  observations  for  1870.  Prof.  A.  Hall  has  formed  the  declinations  of  the  funda¬ 
mental  stars  into  a  single  catalogue,  printed  in  Ast.  Nadi.  1947.  I  have  taken  the 
declinations  from  the  original  source. 

Gh  57.  The  Greenwich  Seven-year  Catalogue  of  2022  Stars  reduced  to  the  epoch 
1860.0.  The  observations  embrace  the  years  1854-1860  inclusive. 

C.  G.  H.  58.  Observations  made  with  the  Cape  circle  in  the  years  1S56-’61  by  Sir 
Thomas  McClear,  reduced  to  the  epoch  1S60  by  E.  J.  Stone,  astronomer  royal  at  the 
Cape  of  Good  Hope,  and  printed  in  “The  Cape  Catalogue  of  1159  Stars,”  etc.,  Cape 
Town,  1873. 

Wu  64.  Results  of  observations  with  Washington  mural  circle  for  the  years  1861- 
1865,  printed  in  the  annual  catalogues  of  the  respective  years. 

Gh  64.  The  new  Seven-year  Catalogue  of  Greenwich,  embracing  the  results  of 
observations  with  the  Greenwich  transit  circle,  for  the  years  1861-1867,  both  inclusive. 

Ln  67.  This  series  is  taken  from  “  Mittlere  Declmationen  von  57  Fundamentalsternen , 
abgeleitit  aus  Leidener  Meridianlcreisbeobachtungen  in  den  Jahren  1864-1868,”  W.  Val¬ 
entine  (Ast.  Nacli.  N.  902  Bd.  80,  s.  93);  and  from  “ Annalen  der  Sternwarte  in  Leiden, 
herausgegcben  von  Dr.  F.  Kaiser .” 

Me  68.  “The  First  Melbourne  General  Catalogue  of  1227  Stars,  for  the  Epoch 
1870.  Deduced  from  Observations  extending  from  1863  to  1870,  made  at  the  Melbourne 
Observatory,”  etc.  R.  L.  J.  Ellery,  Melbourne,  1874. 

Wn  68.  Results  of  observations  made  with  the  Washington  transit  circle  in  the 
years  1866-1869,  taken  from  the  annual  volumes. 

Re  68.  Results  of  observations  made  with  the  Caningtou  circle  at  the  Radclifife 
observatory  in  the  years  1862-1873.  These  are  taken  from  the  annual  catalogues  of 
the  Radclifife  observatory.  They  are  finally  divided  into  two  series — Re  66,  including 
years  1S62-1S69;  Re  72,  including  years  1870-1873. 

Gh  70.  Results  of  observations  made  with  the  Greenwich  transit  circle  and  printed 
in  the  annual  catalogues  of  the  Greenwich  observatory,  1S6S-1S72. 

Wu  72.  Results  of  observations  with  the  Washington  transit  circle  1870-1874, 
printed  in  annual  volumes.  The  results  of  1874  in  manuscript  were  generously  placed 
at  my  disposal  by  Prof.  J.  R.  Eastman. 
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Class  II. 

This  embraces  catalogues  supposed  to  be  unsuitable  for  use  in  founding  the  normal 
system;  but  excludes  a  few  catalogues  of  small  extent,  or  weight,  which  are  used  only 
with  stars  of  class  e.  Many  of  these  are  the  results  of  observations,  which  in  turn 
depend  on  the  places  of  a  standard  list  of  stars;  others  are  independent,  but  of  small 
weight;  or  their  use  for  other  reasons  may  be  regarded  as  of  doubtful  propriety. 

Gh  1752  or  Gh  1755.  “  Fundamenta  Astronomies  pro  Anno  MDCCLV.  deducta  ex 
Observationibus  Viri  Incomparabilis  James  Bradley  in  Specula  Astronomica  Grenovicensi 
per  Annos  1750-1702  institutis ,  Auciore  Frederico  Wilhelmo  Bessel .”  Regiomonti  1818. 
This  is  in  effect  the  result  of  two  series  of  observations — the  one  of  northern  stars 
(stars  north  of  Greenwich  zenith),  mean  epoch  about  1752;  the  other  of  southern 
stars,  mean  epoch  1755  or  1756. 

Po  1800.  11  Precipuarum  Stellar  am  Inerrantium  Positiones  Medico  inuente  sceculo 
XIX.  Fx  observationibus  kabitis  in  Specula  Panormiiana  ab  anno  1792  ad  annum 
1813,”  Panormi  1814,  by  Joseph  Piazzi. 

Bh  10.  “A  Catalogue  of  Circumpolar  Stars,  deduced  from  the  Observations  of  Ste¬ 
phen  Groombridge,  Esq.”,  &c.,  at  Blackheath  observatory.  Eeduced  to  January  1, 
1810,  and  edited  by  Sir  G.  B.  Airy.  Bond.  1838. 

Va  29.  Professor  Littrow’s  declinations  of  fundamental  stars,  from  observations 
made  at  the  Vienna  observatory  in  the  years  1827-’8-’9.  They  are  reduced  to  1830, 
and  printed  in  Mem.  Eoyal  Ast.  Soc.  IV.,  p.  328. 

Dt  30.  Struve’s  Positiones  Medico ,  above  cited,  Catalogus  Generalis.  These  places 
aie  quite  numerous  and  appear  to  be  when  corrections  ultimee  are  applied,  systemati¬ 
cally  the  same  as  the  results  of  Catalogus  Primarius.  The  observations  from  which  the 
catalogue  is  constructed  extend  over  the  period  1822-1843,  however,  and  there  were 
consequently  doubts  whether  Dt  24  and  Dt  30  should  be  classed  together. 

Gh  30.  Pond’s  catalogue  of  1112  stars  reduced  to  1830.  These  are  the  results  of 
observations  made  with  two  mural  circles  from  January  1,  1825,  to  January  1,  1833. 

C.  G.  H.  31.  Eesults  obtained  by  Fallows,  in  1830  and  1831,  at  the  Cape  of  Good 
Hope;  reduced  to  1830,  and  printed  in  Mem.  E.  A.  S.  vol.  XIX.  The  catalogue  con¬ 
tains  but  few  declinations,  and  has  only  been  used  with  a  few  stars  south  of  —  30°. 

Mh  34.  The  results  of  Lamont’s  observations  at  Munich  in  the  years  1829-1840. 
Most  of  the  observations  were  made  in  1S33  and  1834,  and  are  found  in  u  Observations 
Astromicce  in  Specula  Regia  Monachiensi,”  etc.,  for  those  jears.  I  have  for  convenience 
taken  all  from  uAnnalen  cler  Kbniglichen  Siermcarte  bei  Miinchen ,”  Bd.  XX.,  Miiuchen, 
1874;  and  from  the  detailed  positions,  commencing  p.  2G4. 

Ah  41  and  Ah  52.  Eobinson’s  Armagh  catalogue  of  5345  stars.  Owing  to  the 
great  period  o"  time  embraced  in  the  observations  of  this  catalogue,  I  have  divided 
them  into  two  series — the  first,  for  the  years  1835-1840;  the  second,  1847-1854.  This 
I  have  done  by  a  method  which  will  be  explained  (p.  39). 

So  51.  The  observations  of  Captain  Gillis  made  at  the  observatory  of  Santiago, 
in  Chili,  in  the  years  1850-1852.  The  catalogue  reduced  to  1S50  is  printed  in  Appen¬ 
dix  I.,  Washington  Astronomical  Observations  for  1808. 

Bs  50,  Bs  00,  Bs  05.  These  are  to  be  found  in  “  Annales  de  V Observatoire  Royal  de 
Bruxelles  ”,  for  years  1855-1807.  The  groups  are:  1855-1S50 ;  1857-1802;  1803-1807. 

Ps  56  and  Ps  00.  These  are  found  in  uAnnalcs  de  V Observatoire  Imperial  de  Paris.'” 


424  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION.  [18] 


The  first  group  covers  tbe  years  1854-1857,  the  second  185S-1SG2;  and  both  are  the 
results  of  observations  of  the  Gambey  mural  circle. 

1's  64  and  Ps  GG.  These  are  in  continuation  of  the  series  just  mentioned,  but  the 
observations  are  principally  made  with  the  great  meridian  circle  of  Eichens  and  Secre- 
tan.  The  groups  are  1SG3-18G4,  and  18G5-1SG7. 

Ce  5G.  This  series  embraces  the  annual  catalogues  in  the  volumes  of  the  Cam¬ 
bridge  (Eng.)  observatory  for  the  years  1852-1SG0. 

Re  58.  “  Second  Radcliffe  Catalogue  containing  2386  stars;  deduced  from  observa¬ 
tions,  extending  from  1854  to  1861,  at  the  Radcliffe  observatory,  Oxford;  and  reduced 
to  the  epoch  1860.” 

Me  62.  “Astronomical  Observations  made  at  the  Williamstown  Observatory  in  the 
years  18G1,  18G2  and  1SG3,  under  the  direction  of  Robert  L.  J.  Ellery,”  etc.  Reduced 
to  18G0.  Melbourne,  1869. 

Bn  66.  Argelander’s  observations  with  the  transit  circle  at  Bonn  observatory. 
These  are  found  partly  in  Ast.  Nadi.  No.  1719,  and  partly  in  Bonn  Beob.  Bd.  VI. 

Lc  67.  “  Beftultata  aus  Beobachtungen  avf  der  Lcipziger  Sternwarte ,”  Dr.  Eugle- 
maun,  1870  ;  also  u  Die  Declinationen  der  bei  Gradmessung ,”  etc..  Dr.  C.  Bruhus. 

Class  III. 

When  an  authority  is  of  small  weight,  and  especially  when  it  has  few  declinations 
in  common  with  the  standard  stars  of  Section  VIII,  there  is  danger  that  the  error  in 
adopted  systematic  correction  for  computing  the  definitive  declinations  may  work  a 
disadvantage,  which  will  more  than  counterbalance  any  benefit  to  be  derived  from 
supposed  additional  weight.  This  objection  will  be,  iu  a  measure,  removed  by  the 
computation  of  a  large  number  of  definitive  places,  giving  more  and  better  standards 
for  comparison. 

In  making  up  this  list  a  few  series  of  observations  have  been  omitted,  either 
because  they  were  not  at  my  disposal,  or  because  it  was  believed  that  the  labor  of 
collating  them  and  ascertaining  the  proper  reductions  and  corrections  would  not  be 
repaid  by  the  weight  of  new  material  thus  acquired.  Zone  observations  for  the  most 
part  are  neglected  on  account  of  their  small  weight  in  a  discussion  of  this  kind.  A 
very  few  of  Lalande’s  and  D’Agelet’s  observations  were,  however,  used  in  extreme 
cases. 

Ms  35.  “General  Catalogue  of  the  Principal  Fixed  Stars,  from  Observations 
made  at  Madras,  by  T.  G.  Taylor.”  Madras,  1845.  The  declinations  are  reduced  to 
the  epoch  1845. 

Ms  50.  Astronomical  observations  made  at  Madras  for  the  years  1848-1852.  Mad¬ 
ras,  1856. 

Wn  48.  Declinations  from  the  prime  vertical  transit  at  Washington,  principally 
in  the  years  1847  and  184S. 

Eh  58,  Eh  63,  and  Eh  67.  Edinburgh  astronomical  observations.  The  groups  are 
respectively  1854-1860;  1861-1864;  and  1865-1869.  The  declinations  are  taken  from 
the  annual  catalogues. 

Pa  62.  “  Observations  faites  d  V Instrument  des  Passages  elabli  dans  le  premier  Verti¬ 
cal ,”  volume  iii,  “  Observations  de  Foullcova ,”  pp.  224  to  237.  The  declinations  are 
determined  by  Mr.  F.  A.  Obm. 
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Wn  70.  Declinatious  by  Prof.  M.  Yarnall  with  the  mural  circle  of  the  Washington 
observatory,  1800-1873,  taken  from  the  detailed  results  in  annual  volumes  of  Wash¬ 
ington  Astronomical  Observations. 

Pa  71.  In  the  ninth  volume  of  u  Vier t c Ija hrsschrif t  dcr  Astronomischen  Gesellschaft 
(pp.  83  to  88),  is  given  a  catalogue  of  the  u  Zusatzsterne”  from  observations  of  the 
Poulkova  observatory.  The  declinations  are  undoubtedly  of  a  high  order  of  accuracy; 
but  feeling  some  uncertainty  about  the  proper  manner  of  deducing  systematic  correc¬ 
tion  from  them,  I  have  placed  them  in  Class  III.  ;  and  in  consequence  use  but  one  of 
the  declinations  for  definitive  purposes. 

SECTION  Y. 

EXPLANATION  OF  PREL1MIN ARY  CORRECTIONS  AND  COMPILATION  OF  RESULTS. 

Before  proceeding  to  actual  discussion  of  normal  declinations,  it  will  be  necessary 
to  examine  each  catalogue  for  the  purpose  of  applying  such  corrections  as  shall  appear 
advisable  from  inspection.  These  corrections  may  be  regarded  as  of  three  classes  : 

First.  Those  required  on  account  of  the  reduction  of  the  observations  from  appar¬ 
ent  place  to  the  true  epoch  of  the  catalogue.  These  are  principally  for  nutation  and 
proper  motion  actually  employed.  In  a  lew  cases  small  corrections  have  been  applied 
to  reduce  from  epoch  u  Jan.  1”  (Greenwich),  or  O  =  281°  to  the  fictitious  epoch  O  = 
280°;  and  rarely,  a  correction  for  precession  which  is  always  practically  insignificant. 

Modern  researches  appear  to  show  that  no  considerable  correction  to  Peters’s 
nutation  is  needed;  and  that  value  is  now  universally  used.  This  value  for  1800  is 
{Numerus  Constans  Nutationis  p.  37) : 

9".223  cos  £2  sin  a  —  GV8G5  sin  £2  cos  a. 

Among  otherwalues  of  nutation  that  have  been  used  in  reducing  observations  are 
these : — 

Value  employed  by  Bessel  in  Fund.  Ast . 9".G48 


Bradley’s  (original  value) . 9".00 

Maskelyne’s . 9".55 

Groombridge’s  . 9".G3 

Lindenau’s . •  .  .  .. . 8".977 


Baily’s  (A.  S.  O.  and  B.  A.  C.) . 9,/.25. 

The  individual  corrections  applied  to  each  catalogue  are  for  the  principal  terms, 
and  are  of  the  form 

i;  sin  a  +  r/  COS  a, 

which  appears  to  require  no  explanation. 

In  most  cases  requiring  it  the  correction  for  proper  motion  has  been  applied.  If 
t  denotes  the  epoch  of  reduction  of  the  catalogue  and  V  the  mean  epoch  of  the  obser¬ 
vations  of  a  particular  star  in  the  same,  /P,  the  assumed  proper  motion  (Section  III.), 
and  u"  the  proper  motion  which  was  applied  in  the  reductions  of  the  catalogue,  we 
shall  have  corrections  for  proper  motion,  where  ( t  —  t')  is  expressed  in  years  : — 

(//  -  n")  (£  -  V). 

Where  the  correction  is  practically  insignificant,  where  the  epoch  of  observation 
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is  not  conveniently  ascertained,  where  reductions  are  inaccurate,  or  not  carried  beyond 
first  decimal  place  of  seconds,  and,  especially,  in  a  few  of  the  cases  where  proper 
motions  have  been  determined  by  comparison  with  Bradley,  this  correction  is  com¬ 
monly  neglected. 

The  correction,  for  epoch,  i.e.,  from  sun’s  longitude  281°  or  from  “Jan.  1”  to  O  = 
2S0°,  is  applied  to  most  of  the  English  catalogues  whose  epoch  is  previous  to  1857,  and 
to  Wn  47. 

The  correction  for  precession  is  generally  insignificant,  and  is  often  included  in 
the  form,  An.  Var.  assumed  —  An.  Var.  of  Catalogue.  In  case  of  catalogues  which 
had  been  reduced  by  help  of  the  Astronomical  Society’s  Catalogue  (Baily  1830)  it  was 
convenient  to  include  a  correction  for  precession  with  that  for  epoch  and  nutation. 

Second.  In  many  catalogues,  corrections  which  have  been  derived  by  special  exami¬ 
nation  of  the  instrument,  or  discussions  of  the  observations,  are  indicated  in  the  intro¬ 
ductions,  but  not  applied  to  the  results.  Similar  corrections  sometimes  occur  through 
the  neglect  of  certain  precautions,  and  which,  discovered  too  late  for  correction  of  the 
printed  results,  are  in  the  nature  of  errata ,  to  be  applied  by  the  reader.  Correctiones 
Ultima ?,  in  Struve’s  Pos.  Bled .,  are  of  the  former  class;  certain  corrections  in  the  intro¬ 
ductions  to  the  two  Radcliffe  catalogues  are  of  the  latter  class.  Finally,  under  this  head 
come  errata  wherever  found. 

Third.  In  a  limited  number  cf  cases  it  has  been  thought  advisable  to  examine  cer¬ 
tain  series  of  annual  catalogues  in  order  to  reduce  the  discordances  in  the  results  of 
separate  years,  and,  if  possible,  to  ascertain  corrections  which  seem  to  be  required  by 
preliminary  inspection.  This  is  analogous  to  the  work  already  done  by  the  authors  in 
many  cases,  where  catalogues  have  been  formed  from  those  of  several  separate  years. 

Under  the  designation  of  each  catalogue  will  be  enumerated  all  the  corrections 
above  specified  which  have  actually  been  applied  in  this  discussion.  Some  of  the 
peculiarities  in  methods  of  observation  or  reduction  which  appear  to  invite  special 
attention  will  be  noticed  in  the  same  connection.  TheYeasons  for  grouping,  and  the 
methods  of  combining  the  results  of  partial  catalogues,  will  be  explained. 

The  corrected  catalogue  declinations  are  then  compared  with  the  assumed  declina¬ 
tions  of  this  paper  (Sections  II.  and  III.),  and  the  residuals,  in  the  sense  Observed- 
Assumed  Declinations  are  exhibited  in  column  “0,”  in  “Details  of  Corrections  to 
Assumed  Declinations”.  To  facilitate  comparisons  of  separate  years  in  the  case  of 
compilation,  the  subtraction,  Observed— Assumed  Declination  is  made  at  the  out¬ 
set,  by  which  means  the  various  catalogues  are  effectively  referred  to  a  common  mean 
epoch,  with  the  assumed  annual  variations  (Section  II.).  These  residuals  are  then  com¬ 
bined  with  or  without  correction,  as  the  case  may  require. 

Gh  1752-1755.  The  coefficient  of  nutation  adopted  by  Bessel  in  the  reductions 
is  9".G4S.  Taking  the  mean  epoch  of  observation  for  northern  stars  to  be  1752,  and 
for  southern  1755,  the  corrections  to  the  declinations  will  be: — 

Northern  stars  —  ".34  sin  (a  —  53°. 9) 

Southern  stars  —  ".425  siu  ( a  —  2°.7) 

Before  discussing  the  systematic  correction,  the  corrections  applied  by  Bessel  to 
Bradley’s  declinations  between  the  parallels  +  14°  and  —  14°  are  subtracted  from  the 
catalogue  places.  No  attempt  was  made  to  ascertain  proper  motion  corrections  on 
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account  of  the  difficulty  of  finding  the  mean  epochs  of  observation,  and  also  from  the 
fact  that  Bessel  has  applied  the  correction,  approximately,  by  comparison  with  Po  1S00. 

In  Dr.  Bruhns ’  reduction  of  Gradmessung  stars  is  found  a  list  of  declinations 
which  have  been  computed  by  Dr.  Auwers  from  the  observations  of  Bradley.  But  these 
are  not  definitive,  nor  are  they  at  this  stage  of  their  reduction  independent,  because 
Bessel’s  (Kdnigsberg)  refractions  have  been  employed.  It  will  be  seen  that  the  weight 
of  testimony  is  in  favor  of  refractions,  on  the  average,  at  least  as  small  as  those  which 
Bessel  deduced  from  Bradley’s  observations.  Professor  Newcomb  kindly  placed  at  my 
disposal  similar  results  for  a  limited  list  of  stars  which  ho  w-as  reducing.  But  both  the 
lists  combined  embrace  less  than  half  the  stars  required  in  this  discussion,  so  that  the 
old  results  were  used. 

Po  1800.  I  have  applied  correction  to  this  catalogue  only  for  proper  motion  in  a  few 
cases  where  the  latter  is  large.  The  effect  of  the  nutation  correction  is  included  in  the 
A.  R.  term  of  the  declination  correction  subsequently  ascertained. 

Bh  10.  The  mean  epochs  of  observation  are  secured  from  the  first  Radcliffe  cata¬ 
logue,  and  the  proper  motion  correction  applied  in  every  case.  As  the  catalogue  was 
not  included  in  Class  I.,  the  application  of  nutation  correction  was  not  made,  but  it  is 
included  in  the  A.  R.  term  subsequently  found. 

In  the  use  of  this  catalogue  I  have  encountered  a  difficulty  which  introduces  some 
uncertainty  in  the  results.  For  many  of  the  stars  most  frequently  observed  two  results 
for  declination  are  given  in  the  catalogue.  In  the  introduction  this  is  explained  by  say¬ 
ing  that  the  first  of  the  two  results  was  originally  reduced  to  1807,  and  the  second  to 
1812.  I  have  assumed  that  the  observations  are  distinct,  and  that  the  epoch  given  for 
these  stars  iu  Re  45  is  the  epoch  of  the  first  set.  In  all  these  cases  the  mean  of  the 
two  results  has  been  taken,  without  correction  for  proper  motion,  as  the  mean  epoch  is 
probably  very  near  1810. 

The  history  of  the  reductions,  for  reasons  partly  unavoidable,  is  an  unfortunate  one, 
and  this  is  the  more  to  be  regretted,  for  the  editor  says  (p.  ix,  Int.),  “There  can  be  no 
doubt,  I  conceive,  that  this  instrument  at  the  time  of  its  erection,  and  for  several  years 
afterward,  was  the  Quest  in  the  world.”  It  appears  to  have  been  well  handled,  and  was 
reversed  ten  times  at  least  during  the  active  period  of  the  observations  making  up  this 
catalogue.  The  materials  were  probably  suited  to  the  formation  of  an  independent  cat¬ 
alogue,  which  would  have  been  no  mean  contribution  to  the  solution  of  the  problem  of 
absolute  declinations. 

Kg  21.  To  the  results  as  given  by  Dollen  has  been  applied  the  correction  —  ".24 
sin  ( a  +  7°.5),  duo  to  the  use  of  Lindenau’s  nutation. 

Gh  22.  The  correction  —  ".22  sin  (a  +  32°.l)  is  applied  for  nutation. 

Dt  24.  No  correction  is  applied  to  this  catalogue. 

Ao  29.  Correction  for  Lindenau’s  nutation  +  ".24  sin  (a  —  9°.3),  is  adopted. 

Va  29.  The  same  nutation  correction  as  for  Ao  29  is  used. 

The  observations  are  reduced  with  Bessel’s  Kbuigsberg  refractions,  but  no  details 
are  given  whereby  an  independent  judgment  may  be  formed  of  the  character  and  accu¬ 
racy  of  the  declinations. 

Dt  30.  To  all  the  results  have  been  applied  “  Corrcctiones  Ultima} ”  ( Pos .  Med.,  pp. 
351  to  371),  which  is  considered  as  bringing  them  systematically  in  accordance  with 
those  of  Dt  24.  It  may  be  doubted  whether  this  is  completely  accomplished  for  the 
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entire  series,  and  so  this  catalogue  has  not  been  used  in  formation  of  Normal  System. 
Wherever  the  proper  motions  have  not  been  ascertained  by  comparison  with  Fund. 
Ast.  this  correction  has  been  applied,  using  for  the  purpose  the  mean  date  of  observa¬ 
tion,  always  supplied  in  such  cases  in  the  Catalogus  Oeneralis. 

S.  H.  31.  The  observations  were  reduced  with  Young’s  refractions.  This  table  is 
given  in  the  introduction,  p.  22,  for  “adapting  the  St.  Helena  declinations  to  Bessel’s 
refractions.” 


J 

Correction. 

<5 

Correction. 

o 

// 

o 

// 

—  85 

0.0 

+  5 

+  1.4 

—  75 

+  -4 

+  15 

+  1.5 

—  65 

+  .6 

+  25 

+  1.6 

—  55 

+  -a 

+  35 

+  1.8 

—  45 

+  .9 

+  45 

+  2.0 

-  35 

+  1.0 

+  50 

+  2.2 

—  25 

+  PI 

+  55 

+  2.4 

—  15 

+  1.2 

+  60 

+  2.6 

—  5 
+  5 

+  1.3 
+  1.4 

+  65 

+  2.2 

These  corrections  are  applied  at  the  outset  to  all  the  declinations.  The  position 
of  the  observatory  (<p  =  —  15°  55 ')  does  not  admit  of  a  determination  of  the  refraction 
by  observations  of  circumpolar  stars.  A  considerable  number  of  catalogues  of  northern 
observatories,  which  are  based  upon  Bessel’s  refractions,  have  been  admitted  into  Class 
I.  (see  p.  14),  and  it  is  likely  that  errors  arising  from  that  course  will  be  counteracted  to 
some  extent  by  the  adoption  of  the  same  refractions  for  the  observations  of  the  southern 
hemisphere.  The  results  are  reduced  to  the  nearest  tenth  of  seconds,  and  when  these 
are  corrected  for  refractiou  the  declinations  may  be  in  error,  from  neglect  of  hundredths, 
nearly  a  tenth  of  a  second.  I  have,  therefore,  neglected  the  small  nutation  correc¬ 
tion,  and,  except  in  a  few  extreme  cases,  that  for  proper  motion.  The  effect  of  nutation 
correction  is,  however,  included  in  the  A.  R.  term  found  in  the  discussion  of  systematic 
correction. 

Gh  30.  The  employment  of  Bradley’s  refractions,  the  variety  of  practice  in  reduc¬ 
tion  of  declinations  from  apparent  to  mean  place,  and  the  difficulty  in  searching  out 
the  mean  epoch  of  observation  for  each  star,  have  led  me  to  neglect  all  corrections  and 
to  use  the  catalogue  places  unchanged.  Dr.  Auwers*  has  briefly  and  conclusively  shown 
that  a  new  reduction  of  this  beautiful  series  of  observations  is  desirable. 

0.  G.  H.  31.  The  nutation  correction  is  +  ".23  sin  (a  +  20°.3).  The  observations 
are  reduced  with  the  latitude  subsequently  found  by  Henderson.  The  results  are  few 
and  of  small  weight,  but  their  important  bearing  on  the  declinations  of  stars  in  the 
southern  hemisphere  has  led  to  their  use. 

0.  G.  H.  33.  The  constant  of  nutation  used  in  this  series  is  that  of  the  A.  S.  C., 
9".25.  The  observations  were  reduced  to  1833,  ©  =  281°.  The  total  correction  for  both 
causes  is  —  ".07  sin  ( a  +  81°.5).  The  observations  are  very  carefully  reduced  and 
discussed;  and,  as  far  as  possible,  with  a  non-reversible  instrument,  the  methods  of 
Bessel  {Ron.  Beob.  Bd.  vii,  and  Ast.  Rack.  73)  were  followed  by  Henderson.  Strictly 

*  Publications  of  the  Astronomisohe  Gescllschaft  (II.).  Dr.  Auwers’s  paper  on  the  proper  motion  of  Sirius. 


f23j 


REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  H. 


429 


speaking,  however,  this  series  does  not  give  independent  determinations;  for  the  correc¬ 
tions  for  flexure  from  reflection  observations,  and  for  refraction  from  observations  of 
circumpolar  stars,  are  rejected  on  the  authority  of  comparisons  made  with  the  results 
obtained  by  Bessel,  Struve,  and  Airy,  at  northern  observatories.  A  defect  in  the 
instrument  by  which  the  readings  of  separate  microscopes  are  made  to  differ  very 
greatly,  is  exhaustively  discussed  by  Sir  George  B.  Airy  and  others  (vol.  viii,  Mem.  R. 
A.  S.,  etc.),  and  assurance  is  given  that  the  mean  of  sis  microscopes  is  free  from  seri¬ 
ous  error.  This  appears  to  be  confirmed  by  the  small  probable  error  A  ".23  for  mean 
of  an  infinite  number  of  observations  found  by  Henderson.  The  precision  of  the  indi¬ 
vidual  observations,  all  made  by  Henderson  in  person,  has  seldom  been  excelled  in 
work  of  this  kiud. 

Mh  34.  The  nutation  correction  is  -f  ".18  sin  (a  +  82°).  The  declinations  as  given 
in  vol.  xx,  Munich  Obs.,  are  combined  into  single  results  according  to  the  number  of 
observations  in  each  year  from  1829  to  1840.  In  deducing  systematic  corrections,  the 
numbers  in  column  u  B  —  Ln  in  the  tables  preceding  the  observations  for  1833  and 
1834  (in  Obs.  Astr.  in  Spec.  Reg.  Mon.)  are  used.  These  are  corrections  to  Bessel’s 
declinations  (Tab.  Reg.)  given  by  Lamont’s  observations  of  fundamental  stars;  but 
I  have  not  used  them  in  discussing  the  places  of  the  fundamental  stars. 

CAMBRIDGE  ANNUAL  CATALOGUES. 

Ce  34.  The  annual  catalogues  at  Cambridge  for  many  years  were  constructed  by 
the  aid  of  the  proper  motions  and  constants  of  the  Ast.  Soc.  Catalogue  (Baily  1830), 
with  the  day  numbers  of  Nautical  Almanac.  By  use  of  Nautical  Almanacs  previous 
to  1857,  stars  are  reduced  with  nutation  9".25,  to  “.Tan.  1,”  instead  of  ©  =  280°.  Both 
corrections,  with  the  small  correction  for  precession  of  A.  S.  C.,  can  be  combined  in 
one  formula.  The  following  list  of  corrections  will  serve  for  this  and  other  series 
shortly  to  be  mentioned. 


Year. 

Correction  for  nutation, 
epoch,  and  precession. 

Year. 

Correction  for  nutation, 
epoch,  and  precession. 

//  0 

//  o 

1833 

-|-  .  08  sin  ( a  -4-  265) 

1841 

A  .  05  sin  (a  A  288) 

1834 

A  .  07  sin  (a  -j-  272) 

1842 

A  .  04  sin  (a  -j-  284) 

1835 

-j-  .  06  sin  (a  -j-  276) 

1843 

A  .02  sin  (a  A  270) 

1836 

-j-  .04  sin  (a  -j-  293) 

1844 

A  •  01  sin  (a  A  227) 

1837 

4-  .  08  sin  (a  -j-  287 ) 

1845 

A  •  05  sin  ( a  A  254) 

1838 

4-  .06  sin  (a  4-  294) 

1846 

A  •  05  siu  (a  A  245) 

1839 

1840 

-j-  .  04  sin  (a  +  305) 

-j-  .  03  sin  (a  -j-  322) 

1847 

A  .05  sin  (a  A  237) 

These  corrections  are  entirely  unimportant,  and  the  neglect  of  them  would  have 
produced  no  serious  consequences.  The  correction  for  proper  motion  is,  however, 
often  considerable.  But  few  proper  motions  are  given  in  A.  S.  C.,  and  some  of  these 
few  are  very  far  from  the  truth.  The  approximate  mean  epochs  of  observation  f  r  all 
stars  for  which  the  latter  correction  is  more  than  ".02  or  ".03  were  examined  and  the 
corrections  carefully  applied.  The  barometer  used  in  1833-1835  gave  readings  .1  in. 
too  small.  This  error  was  disregarded  in  1833  and  1834.  Among  the  errata  in  the 
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volume  for  1835  a  table  is  given,  which  serves  to  correct  north  polar  distances  to  the 
values  they  would  have  had  if  the  barometer  had  given  the  correct  readings.  The 
table  with  changed  signs,  to  make  it  applicable  to  declinations,  is  here  given: — 


<5 

Correction. 

(5 

Correction. 

<5 

Correction. 

o 

50  S.  P. 

60  S.P. 

70  S.P. 

80  S.P. 

+  90 

// 

—  .73 

—  .32 

—  .  16 
—  .03 

00 

c 

+  80 

70 

60 

50 
+  40 

H 

—  .05 

—  .09 

—  .  13 

—  .  16 
—  .  19 

o 

+  30 
+  20 
+  10 
—  00 
—  10 
—  20 
—  30 

// 

—  .23 

—  .27 

—  .33 

—  .40 

—  .52 

—  .75 

—  1.50 

These  corrections  were  applied  to  all  declinations  of  1833  and  1834. 

The  peculiar  feature  of  the  entire  Cambridge  series  is  the  frequency  of  reflection 
observations.  Within  the  limits  of  zenith  distance  where  they  are  practicable,  their 
number  is  generally  equal  to  those  taken  directly,  the  practice  being  to  observe  both 
at  the  same  transit.  The  discordance,  which  is  large,  is  divided  equally  between  the 
two  classes  of  observations.  The  position  of  the  telescope  was  frequently  changed 
on  the  circle — two  or  three  times  each  year  in  the  first  three  years,  afterward  at  the 
beginning  of  each  year  with  considerable  regularity  until  1852,  and  less  frequently 
after  that. 

At  this  observatory  the  experiment  was  tried  of  measuring  flexure  in  different 
zenith  distances  with  the  help  of  movable  collimators.  An  abstract  of  the  results  is 
printed  in  Gould’s  Astronomical  Journal,  vol.  v,  p.  28.  The  correction  for  flexure 
determined  in  this  way  is  much  smaller  than  one-half  the  discordance  between  direct 
and  reflected  observations,  and  its  form  bears  little  resemblance  to  the  latter.  There 
can  be  little  doubt  that  a  portion  of  the  discordance  is  due  to  the  unequally  heated  air 
of  the  observing-room ;  a  consideration  which  serves  to  modify  the  weight  which  this 
series  might  otherwise  have  had  in  forming  the  normal  system. 

In  the  annual  catalogues  the  results  for  declination  are  given  separately  for  direct, 
reflected,  above  and  below  pole.  In  combining,  I  have  given  equal  weight  to  the  two 
classes  of  observations,  direct  and  reflected,  and  have  [used  no  observations  of  stars 
beyond  70°  zenith  distance  below  the  pole.  To  C0°  zenith  distance  equal  weights  are 
assigned ;  provided  in  each  case  eight  or  more  observations  were  given.  In  the  few 
cases  where  the  number  of  observations  is  smaller  and  quite  unequal,  weights  nearly 
in  proportion  to  the  square  root  of  the  number  of  observations  are  given.  At  C5° 
zenith  distance  determinations  below  the  pole  receive  weight  f,  and  at  70°,  §.  This 
practice  is  adhered  to  throughout  the  series. 

For  the  years  1833,  ’34,  ’35,  in  order  to  avoid  errors  which  would  arise  from  sys¬ 
tematic  differences,  the  results  of  separate  years  are  combined  with  equal  weights, 
unless  the  discrepancy  iu  the  number  of  observations  was  great  and  the  smaller  num¬ 
ber  less  thau  5,  when  arbitrary  weights  are  assigned. 

These  observations  have  been  combined  in  a  single  catalogue*  by  Sir  George  B. 

*  “A  catalogue  of  726  stars,  deduced  from  the  observations  made  at  the  Cambridge  observatory, 
from  1828  to  1835 ;  reduced  to  ‘  Jan.  1/  1830,  by  Geo.  Biddell  Airy,”  etc. 
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Airy,  iu  Mem.  E.  A.  S.,  vol.  ii.  Tire  proper  motions  of  A.  S.  C.  were  used  by  him,  and 
the  determinations  of  different  years  combined  with  weights  proportioned  to  the  number 
of  observations.  The  possible  error  from  these  sources  may  be  considerable;  and  the 
labor  of  constructing  anew  the  particular  places  desired,  though  much  greater  than 
would  have  arisen  from  the  correction  of  the  catalogue  for  proper  motion,  is  probably 
worth  the  while. 

Ce  40.  The  corrections  for  nutation,  epoch,  and  precession  are  given  above  under 
Ce  34.  No  proper  motions  were  used  in  reduction  except  those  of  the  Nautical  Alma¬ 
nac.  In  volume  for  1838  a  new  co-latitude  is  given  derived  from  observations  of 
1837  and  183S.  The  correction  to  that  used  in  previous  years  is  +  ".09 ;  therefore  to 
the  declinations  above  pole  of  1830  and  1S37  the  constant  correction  —  ".09  has  beeu 
added,  after  which  no  correction  is  required.  In  order  to  form  a  judgment  as  to  the 
individual  accuracy  of  the  declinations,  the  probable  error  is  computed  from  a  few 
of  the  stars  most  frequently  observed  within  40°  zenith  distance. 

In  1837  .  284  residuals  (dir.)  gave  ±  ".59 

283  residuals  (ref.)  gave  ±  ".GO 


In  1840-43  .  511  (dir.) . A  ".52 

509  (ref.) . ±  ".55 


The  mean  ±  .50  is  considered  as  the  probable  error  of  a  single  pointing.  A  com¬ 
parison  of  observations  made  in  different  years  gives  for  the  minimum  error  of  a  single 
position  ±  .20.  The  minimum  for  a  single  year  lor  stars  observed,  both  directly  and 
by  reflection,  would  be  ±  .14.  These  results  are  apparently  too  small.  The  argument 
for  using  the  accompanying  table  of  weights  is  one-half  the  total  number  of  observa¬ 
tions  in  any  one  year;  and  it  supposes  that  the  probable  error  of  any  star,  circumpo- 
lars  excepted,  cannot  be  less  than  ±  .14.  It  can  only  be  considered  a  rough  approx¬ 
imation  to  the  true  weights. 


wt. 

Number  of  obser¬ 
vations. 

Wt. 

Number  of  obser¬ 
vations. 

Wt. 

Number  of  obser¬ 
vations. 

1 

1 

C 

8  and  9 

11 

26  to  34 

2 

o 

7 

10  to  12 

12 

35  to  44 

3 

3  and  4 

8 

13  to  15 

13 

45  to  61 

4 

5 

9 

16  to  20 

14 

02,  or  more. 

5 

6  and  7 

10 

21  to  25 

The  probable  error  of  the  unit  is  thus  supposed  to  be  about  ±  .45,  in  the  average 
of  cases.  With  these  weights,  the  residuals  formed  by  subtracting  the  assumed  dec¬ 
lination  from  the  corrected  value  for  each  year,  are  formed  into  a  single  correction  to 
assumed  place. 

The  numeroms  errata  iu  these  and  subsequent  years  are  carefully  applied. 

Ce  48.  Iu  1844  a  few  nadir  observations  had  been  taken  for  practice;  and  the 
method  was  adopted  for  obtaining  zenith  points  in  1845  and  subsequent  years.  It 
was,  however,  controlled  by  the  results  of  direct  and  reflected  observations.  In  1840 
began  the  use  of  the  a ',  b ',  c',  and  d'  of  the  B.  A.  C.  In  other  respects  the  observa¬ 
tions  are  not  different  from  those  of  previous  years.  The  long  period  of  time,  how¬ 
ever,  rendered  these  somewhat  arbitrary  divisions  uecessary. 
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These  corrections  for  nutation,  etc.,  are  applied  in  respective  years: — 


1845  -f  ".05  sin  (a  -f-  254°) 

1840  +  "05  sin  (a  +  245°) 

1847  -f  ".05  sin  (a  +  237°) 

1848  +  ".03  sin  («  +  214°) 


1849  +  ".07  sin  (a  +  251°) 

1850  +  ".06  sin  (a  +  253°) 

1851  +  ".05  sin  («  +  250°) 


Inspection  of  the  observations  of  circumpolar  stars  indicate  that  a  considerable 
correction  for  latitude  is  needed.  Observations  of  a  and  5  Ursoe  Minoris  are  alone 
available  for  ascertaining  this  correction.  The  table  of  weights  given  under  Ce  40  is 
used,  and  reflected  as  well  as  direct  observations  included.  Following  is  the  sum¬ 
mary: — 


Corrections  to  as¬ 
sumed  latitude. 

Weight. 

Corrections  to  as¬ 
sumed  latitude. 

Weight. 

n 

n 

1845 

—  .26 

5 

1851 

—  .32 

6 

1846 

—  .32 

8 

1847 

—  .30 

11 

(Dir.)  ... 

—  .52 

21 

1848 

—  .76 

4 

(Ref.) ... 

—  .34 

20 

1849 

—  .94 

1 

1850 

—  .73 

6 

Mean . . 

—  .43  ±.04 

Probable  error  of  unit  of  weight  ±  ".56. 

The  correction  —  ".43  is  applied  to  all  the  declinatious  of  this  group.  This  steady 
diminution  in  values  of  latitude  obtained  since  1833  with  the  same  instrument,  used 
substantially  in  the  same  method,  is  suggestive  of  au  actual  change  in  that  element 
when  it  is  taken  in  connection  with  the  apparent  existence  of  the  like  phenomenon  at 
Greenwich,  Washington,  Poulkova,  and  elsewhere.* 

Ce  56.  During  this  period  there  is  a  marked  falling  off'  both  in  the  number  and 
character  of  the  observations.  These  corrections  for  nutation  and  epoch  have  been 
employed  :— 

1852  +  ".04  sin  (a  +  265°) 

1853  +  ".OS  sin  («  +  274°) 

1854  +  ".06  sin  (a  +  282°) 

1855  +  "05  sin  (a  +  294°) 

1856  +  ".04  sin  (a  +  313°) 

As  in  preceding  years,  only  the  proper  motions  of  the  Nautical  Almanac  were  used 
in  the  annual  catalogues.  The  position  of  the  telescope  on  the  circle  was  changed  at 
irregular  intervals,  but  the  same  relative  weights  and  system  of  combining,  as  in  Ce 
40  and  Ce  48,  are  here  employed.  As  this  series  is  not  used  in  forming  the  Normal 
System,  no  correction  for  error  of  assumed  latitude  is  applied,  nor  do  the  observations 
themselves  afford  adequate  means  for  deducing  such  a  correction  independently.  The 
erratum  to  reflected  observations  of  1854  is  important. 

Ms  35.  The  results  from  this  catalogue  are  used  without  charge.  The  proper 

*“Bie  Polhoho  vou  Pulkowa.  Von  Dr.  Magnus  Nyr6n.”  St.  Petersburg,  1873.  See  also  pp.  36 
and  CO  of  this  paper. 
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motion  correction  is  often  large,  but  it  is  not  always  easy  to  find  out  whether  it  ought 
to  be  applied,  and  the  mean  date  of  observation  will  often  be  very  inexact.  The  weight 
of  these  observations  is  so  small  that  I  have  not  thought  it  worth  while  to  construct 
places  anew  from  the  special  catalogues  b.v  the  help  of  division  corrections  on  pp.  ccxix 
and  ccxx,  vol.  v. 

Ms  50.  The  declinations  require  the  full  amount  of  the  correction  for  proper 
motion,  but  this  is  usually  small,  owing  to  the  small  difference  between  epoch  of 
observation  and  that  of  reduction. 

EDINBURGH  ANNUAL  CATALOGUES. 

Eh  37.  The  methods  of  reduction  to  apparent  place  are,  with  few  exceptions,  those 
employed  at  Cambridge  in  the  corresponding  years,  so  that  the  same  corrections  have 
been  applied.  The  position  of  the  telescope  on  the  circle  was  moved  at  the  beginning 
of  1839,  and  yearly,  afterward,  during  the  directorship  of  Henderson.  Strictly  speak¬ 
ing,  only  the  observations  of  1834-5,  in  volume  I.,  are  independent,  and  the  succeeding 
catalogues  as  reduced  by  Henderson  depend  upon  this  first  one.  Ivory’s  refractions  are 
employed  throughout  the  catalogues  composing  Eh  37,  so  that  in  this  respect  the  series 
is  not  independent.  The  discordance  in  1834-’35,  between  direct  and  reflected  obser¬ 
vations,  is  quite  large,  and  the  latter  are  rejected  by  Henderson  in  making  up  the  decli¬ 
nations.  The  corrections  derived  from  sun  observations  in  the  different  years  are  in 
the  mean  small,  and  furnish  tolerable  assurance  that  the  declinations  will  be  found 
quite  free  from  systematic  error.  All  determinations  of  the  same  star,  up  to  1839, 
I  have  combined  with  weights  proportional  to  the  number  of  observations.  This  result 
is  then  combined  with  that  for  1839,  on  the  supposition  that  the  minimum  error  in 
each  case  is  equal,  and  one-half  the  error  of  a  single  pointing.  This  was  an  over¬ 
sight,  for  previous  to  1837,  in  most  observations,  six  microscopes  were  used  ;  after  that 
only  two,  so  that  for  the  first  series  the  minimum  error  might  have  been  taken  about 
one-fourth  the  error  of  pointing.  However,  no  serious  error  has  arisen  from  this  cause. 

Henderson  estimates  (1839)  the  probable  error  of  pointing  at  ±  .5,  and  probable 
division  error,  when  mean  of  two  microscopes  is  taken,  ±  .3.  For  the  former  quantity 
I  have  found,  from  a  rough  trial,  ±  ".G.  It  will  be  seen  in  the  latitude  discussion  of 
Eh  43  that,  if  error  of  pointing  is  assumed  to  be  twice  the  minimum  error,  we  have  for 
the  former  ±  ".59,  and  for  the  latter  i  ".29,  in  close  agreement  with  above  estimates. 
It  is  difficult  to  believe  that  the  minimum  error,  under  the  circumstances,  can  be  so 
small,  and  doubtless  a  more  rigorous  determination  of  probable  error  of  pointing  would 
show  that  to  be  slightly  smaller,  and  the  minimum  error  would  then  result  in  a  larger 
quantity. 

The  catalogue  for  1840  cannot  properly  be  classed  either  with  those  preceding  or 
following  it,  and  uo  use  is  made  of  its  declinations. 

Eh  43.  The  observations  of  this  series  were  reduced  by  Professor  Smyth.  During 
the  entire  period  the  zenith  points  were  derived  from  nadir  observations,  a  practice 
begun  in  1841.  The  observations  in  1841-’2-’3  wrere  reduced  with  Bessel’s  refractions, 
and  the  help  of  Nautical  Almanac  and  A.  S.  C.  In  1844  the  Nautical  Almanac  was 
used  with  the  constants  and  proper  motions  of  British  Association  Catalogue.  The 
corrections  to  first  three  years  for  nut.,  etc.,  are  taken  from  the  corresponding  formulte 
for  Cambridge.  For  1844  the  correction  is  insignificant. 

N  B - 28 
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In  reducing  from  the  mean  of  two  microscopes  to  the  mean  of  six,  Professor  Smyth 
continued  to  use  the  results  of  the  investigation  made  by  Henderson  (vol.  I.,  p.  vii,  et 
seq.).  As  the  telescope  was  clamped  to  a  different  part  of  the  circle  in  each  year,  it  is 
evident  that  any  considerable  error  in  the  formulae  of  correction  would  show  itself  in 
the  difference  between  the  declinations  of  the  same  star  in  different  years,  and  also  in 
the  latitudes  deduced  from  observations  of  circumpolar  stars.  Fortunately,  in  each  of 
the  years  there  are  a  considerable  number  of  the  latter  well  suited  to  the  examination 
of  this  question.  In  Ast.  Mach.  Bd.  65,  s.  195,  by  Dr.  Auwers,  and  in  Bonn.  Bcob. 
Bd.  VII.,  Theil  II.,  s.  251,  by  Dr.  Argelander,  we  have  the  results  of  such  an  examin¬ 
ation.  They  are  exhibited  in  the  following  table: — 


Year. 

Correction  to  assumed  latitude  given 
by  observations  of  each  year. 

Auwers. 

Argelander. 

// 

' / 

1841 

—  .20 

—  .20 

184-4 

—  .95 

—  .90 

1843 

+  1.44 

+  1.44 

1844 

—  .  17 

—  .  15 

Both  Auwers  and  Argelander  use  these  as  constant  corrections  to  the  declinations 
of  respective  years.  The  latter  says,  “  Wie  diese  grossen  Vershiedenheiten  zu  erklaren 
sind,  weiss  ich  nicht  zu  deuten.  Theilungsfehler  an  dem  Orte  des  Sterns  kounen  es 
unmoglich  sein.;  dagegeu  streitet  die  nahe  Uebereiustimmung  bei  alien  vershiedenen 
Sterneu,  und  besonders  auch  der  Umstand,  dass  die  Untershiede  auch  bei  dem  Polar- 
sterne  sich  zeigen,  bei  dem  die  Puncte  des  Kreises  liir  die  OC.  und  UC.  nur  3°  ausein- 
ander  liegen.  Man  erhiilt  a-ber  1842  aus  resp.  76  und  64  Beobachtungen  UC. — OC. 
—  2//.5,  im  Jahre  1843  aus  48  und  42  Beobachtungen  -j-  3'M,  Man  muss  also  den  Feh- 
ler  wohl  in  der  Bestiramung  des  Nadirpuuctes  sucheu,  aber  auch  hier  kann  man  ihn 
durch  Theilungsfehler  allein  schwerlich  erklaren.  Es  hiesse  dies  voraussetzen,  dass 
bei  einem  6fussigen  Kreise  von  Troughtou  und  Simms  der  Theilungsfehler  des  Kreises 
an  zwei  Puncten  desselben  um  2/'.4  verscbieden  ware,  was  wohl  Niemand,  der  die  aus- 
gezeichneteu  Leistungeu  dieser  Kiinstler  keunt,  liir  moglich  halten  wird  *  *  *  * 

so  kann  man  die  grossen  Unterschiede  nur  dem  ungliicklichen  Znsammentreffen  meh- 
rerer  Ursacheu  zusehreiben.” 

An  examination  of  the  declinations  near  the  equator  shows  that  to  apply  these 
constant  differences  will,  for  this  region,  in  some  cases,  produce  greater  systematic  dis¬ 
cordance  than  existed  before.  In  view  of  all  the  arguments  so  strongly  put  by  Arge¬ 
lander,  there  appeared  to  be  but  one  available  hypothesis  by  the  adoption  of  which  the 
difficulty  could  be  satisfactorily  solved.  The  reduction  for  division  error  actually  used 
is  supposed  to  be  inapplicable,  and  an  attempt  is  made  to  deduce  a  new  one  from  a 
comparison  of  the  observations  of  the  same  stars  in  different  years.  Granting  the  cor¬ 
rectness  of  the  reduction  from  two  microscopes  to  six,  as  found  by  Henderson  (vol.  i), 
we  may  easily  conceive  such  changes  to  have  taken  place  in  the  instrument  that  these, 
combined  with  small  errors  in  zenithal  divisions  and  the  possible  error  of  the  mean 
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reading  of  six  microscopes,  may  have  caused  the  discrepancies  actually  found.  The 
arrangement  of  the  observations  is  tolerably  favorable  to  this  undertaking.  The  circle 
readings  increase  from  the  pole  toward  the  equator,  and  for  the  zenith  were: — 

1841  59°  58' 

1842  34°  OS' 

1843  790  05' 

1844  139°  05' 

The  effect  of  the  corrections  actually  applied  to  nadirs  and  zenith  distances  of 
stars  is  first  subtracted  from  the  declinations.  For  that  purpose  the  table  of  division 
corrections  in  the  introduction  to  each  volume  is  used.  We  now  have  the  declina¬ 
tions  as  they  would  have  resulted  had  no  correction  for  division  been  applied.  It  is 
possible  that  an  important  part  of  the  discrepancies  may  have  been  caused  by  flex¬ 
ure  of  the  circle,  but  not  likely.  If  such  is  the  case,  it  cannot  well  be  determined 
from  the  data  furnished  by  the  observations.  It  is  therefore  assumed  that  the  diffi¬ 
culty  is  due  to  division  error.  The  mean  of  two  microscopes  may  be  affected  by  errors 
requiring  corrections  of  the  form: — 

x  sin  2  R  +  x'  cos  2  R  +  x"  sin  4  it  +  x"'  cos  4  R  +  &c. 

The  coefficients  x  and  x ',  only,  have  been  determined  ;  which  is  perhaps  to  be  regretted. 
The  effect  of  accidental  errors  of  the  nadir  divisions  has  also  been  included.  The  fol¬ 
lowing  notation  is  adopted: — 

d  —  Declination  as  printed  in  annual  catalogues,  but  referred  to  1843,  and 

corrected  by  the  requisite  amounts  for  nutation  and  proper  motion. 

R  =  Circle  reading  for  a  given  declination. 

R'  =  Nadir  reading  for  the  same. 

1c  and  h'  =  Division  corrections  actually  applied  to  B  and  R'. 

x  and  x'  =  Coefficients  of  division  correction  as  explained  above. 

Vi,  v2,  v3,  v4,  =  Correction  to  nadir  divisions  respectively  of  1841,  1842,  1843,  and  1844, 
for  accidental  error,  or  deviation  from  the  law  expressed  by  x  sin  2  R 
-f  x'  cos  2  R. 

A  <p  =  Correction  to  assumed  latitude,  <p. 

The  application  of  any  of  the  above  quantities  is  restricted  to  a  given  year  by  the 
use  of  subscript  figures,  1,  2,  3  and  4,  respectively  for  1841, 1842,  1843,  and  1844.  The 
declinations  are  referred  to  the  common  epoch  1843.0  by  means  of  the  reduction  of 
assumed  places  (Section  III).  The  corrected  declination  will  then  be: — 

(1)  R'  -f-  li'  -f  180°  (p  —  R  —  It  +  x  (sin  2  R'  —  sin  2  R)  +  x'  (cos  2  R'  —  cos  2  R) 

“i~  v  -j—  A  <p 

We  shall  then  have: — 

(2)  0  =  ((Sj  —  li'i  +  lei)  —  ( d2  —  li'i  +  lc2)  +  x  (sin  2  R' i  —  sin  2  R'2) 

-f  x'  (cos  2  R\  —  cos  2  R'z)  +  vl  —  r2  +  x  (sin  2  R2  —  siu  2  R{) 

+  x'  (cos  2  R2  —  cos  2  R1). 

The  comparison  for  any  other  years  may  be  derived  from  this  by  the  substitution 
of  the  required  figures  in  subscript.  For  convenience,  the  comparison  was  confined  to 
stars  of  the  provisional  catalogue  and  to  those  north  of  10°  south  declination. 
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It  is  evident  that  iq,  v2 ,  v3 ,  and  v4,  cannot  be  absolutely  determined  with  the  data 
proposed.  It  will  be  necessary  to  assume : — 


^1  +  ^2  +  ^3  +  ^4  —  0  j 

and  to  express  r4  in  terms  of  the  other  three  quantities.  This  will  not  affect  the  decli¬ 
nations  ;  but  will  produce  an  error  in  the  latitude  of  one-fourth  the  sum  of  the  quan¬ 
tities  in  question. 

Every  combination  of  differences  that  could  be  made  was  used.  Thus,  a  declina¬ 
tion  observed  in  three  years  furnished  three  differences;  and  four  years,  six.  There 
were  very  few  of  the  latter.  The  weights  are  assigned  on  the  supposition  that  a  dec¬ 
lination  is  subject  to  a  constant  probable  error  which  is  equal  to  one-half  the  error  of 
pointing. 

Where  a  star  has  been  observed  in  three  years  there  are  but  two  independent  com¬ 
parisons;  and  for  four  determinations  we  have  three  independent  comparisons.  In 
the  former  case,  each  of  the  three  equations  received  two-thirds  the  weight  it  otherwise 
would  hare  had,  and  iu  the  latter,  each  of  the  six  one-half.  The  uuit  of  weight  is 
that  due  to  five  observations  in  each  of  two  years  where  there  is  but  one  comparison 
for  a  given  star.  It  was  found  that  the  computation  could  be  much  simplified,  without 
appreciable  error,  by  assuming  the  simple  scale  of  weights,  1.0,  .0,  and  .3. 

The  coefficients  were  computed  to  the  nearest  tenth  only  ;  but  the  equations  were 
not  grouped  in  the  solution.  There  were  iu  all  307  equations  of  the  total  weight  188. 
Every  part  of  the  work  was  either  rigorously  checked  or  duplicated.  The  resulting 
normal  equations  are  these  : — 


+ 

257.4  Vi 

+ 

90.5  r2 

+ 

74.9 

V3 

+ 

152.2 

X 

— 

10.7 

x' 

+ 

// 

107.2 

=  0 

+ 

90.5  Vi 

4- 

236.4  v2 

+ 

103.5 

V3 

~r 

134.3 

X 

+ 

62.5 

X' 

+ 

138.2 

=  0 

+ 

74.9  vx 

+ 

103.5  Vi 

+ 

187.6 

V3 

+ 

81.4 

X 

— 

57.7 

x' 

+ 

36.5 

=  0 

+ 

152.2  Vi 

+ 

134.3  v2 

+ 

81.4 

*'3 

+ 

257.1 

X 

+ 

46.2 

x' 

+ 

205.6 

0 

— 

10.7  Vi 

+ 

62.5  v2 

— 

57.7 

v3 

+ 

46.2 

X 

+  ; 

260.2 

x' 

+ 

224.4 

=  0 

The 

solution 

gives,  with 

v4  - 

—  Vi 

.  — 

v2 

—  v3 

Henderson. 


Vl  =  -  ".11  X  =  -  "664  (  -  ".100  ) 

r2  =  -  ".21  x'  =  -  ".598  (  -  ".388  ) 

v3  =  +  ".40 
vt  =  -  ".14 

The  differences  are  well  represented,  the  error  seldom  rising  as  high  as  ".3  in  the 
mean  of  a  zone  10°  wide.  The  probable  error  cannot  be  estimated  from  the  residuals. 
If  taken  from  them,  it  would  be  much  too  small.  Assuming  the  probable  error  found 
from  latitude  discussion,  that  of  the  unit  of  weight  would  be  4=  ".56;  and  the  probable 
errors  of  x  and  x'  would  be  ±  ".04  each;  and  of  tq,  v2,  etc.,  ±  ".06  each.  But  in  refer¬ 
ence  to  the  latter,  it  must  bo  borne  iu  mind  that  this  probable  error  is  that  of  the  rela¬ 
tive  values,  and  that  their  common  probable  error  can  be  taken  roughly  at  ±  ".15;  so 
that  the  actual  probable  error  of  the  quantities  in  the  absolute  sense  is  about  ±  ".16. 

Thus  the  values  of  the  zenithal  division  errors  are  reduced  to  quantities  of  not 
improbable  magnitude.  The  difference  between  the  coefficients  of  x  and  xf  as  here 
determined,  and  as  determined  by  Henderson,  is  important. 
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The  further  correction  A  <p  is  required  before  the  declinations  cau  be  regarded  as 
definitive.  The  discussion  of  A  <p  for  the  different  years  will  also  afford  a  good  test  of 
the  corrections  already  deduced. 

The  systematic  corrections  of  the  zenithal  divisions  are  respectively  —  ".19,  —  ".80, 
A  ".39  and  +  AoO  for  1841-2-3  and  4.  These  added  to  the  respective  corrections  for 
accidental  error,  and  Tt'  for  each  year,  give  the  following  corrections  to  the  declina¬ 
tions  : — 

(1841)  -  ".38  +  ".894  sin  (2  R  +  48°)  +  \ 

(1842)  -  ".96  +  ".S94  sin  (2  B  +  4S°)  +  lc2 
(  '  (1843)  +  ".72  +  ".894  sin  (2  B  +  48°)  +  Jc3 

(1844)  +  ".18  +  "  894  sin  (2  B  +  48°)  -f  fc4 

Where  Jcx  etc.,  is  to  be  taken  for  each  star  from  the  table  p.  186,  volume  for  1841,  or 
from  the  succeeding  volumes.  These  corrections  are,  of  course,  to  be  applied  with 
opposite  signs  to  results  from  observations  of  lower  culmination. 

Each  year  furnishes  a  considerable  number  of  observations  suited  to  determina¬ 
tion  of  latitude.  Except  for  a  and  3  Ursge  Minoris,  with  a  few  others,  three  observa¬ 
tions  of  the  same  star  were  generally  made  in  each  culmination.  The  computation  is 
thus  practically  unaffected  by  the  question  of  relative  weights,  and  is  greatly  facilitated. 
Taking  three  observations  in  each  culmination  as  the  standard  unit  for  2  A  <p,  weights 
were  computed  for  the  few  that  required  it  on  the  same  assumption  as  in  the  preceding 
portion  of  the  discussion.  The  latitude  observations  are  all  on  stars  of  declination 
greater  than  74°,  so  that  the  refraction  cannot  be  examined,  and  the  observations  may 
be  assumed  to  be  of  equal  accuracy  in  the  small  range  of  zenith  distance.  The  results 
are  these : — 


Year. 

A  (f) 

Number  of 
stars. 

Weight. 

1841 

n 

—  .49  [A  .12] 

18 

50 

1842 

—  .15  L±  •  11] 

32 

72 

1843 

+  .15  l  A  .11] 

3L 

69 

1844 

+  .04  [A  .12] 

27 

56 

Mean . . . 

—  .09  [A  .06] 

108 

247 

The  differences  are  not  much  greater  than  the  probable  errors  should  lead  us  to 
expect.  The  probable  error  of  the  unit  of  weight  calculated  from  the  108  residuals  is 
A  ".64.  This  gives  lor  probable  error  of  pointing  A  ".59,  and  for  minimum  probable 
error  A  ".29;  the  latter  is  in  close  agreement  with  the  value  A  ".3  assumed  by  Hen¬ 
derson  in  1839.  The  probable  errors  of  A  <p ,  as  given  above,  take  into  account  the 
probable  error  of  the  formul®  derived  for  division  correction.  The  probable  error  of 
the  mean  value  of  A  <p  computed  from  the  residuals  is  A  ".04.  All  the  values,  how¬ 
ever,  are  subject  to  a  common  probable  error  of  about  A  ".15,  besides  the  error  in 
adopted  refraction;  so  that,  absolutely  considered,  the  correction  to  the  assumed  lati¬ 
tude  has  a  probable  error  not  far  from  A  ".2.  Except  for  the  uncertainty  of  refraction 
this  increase  of  probable  error  is  without  influence  on  the  declinations.  The  quan¬ 
tity  —  ".09  is  therefore  added  to  each  of  the  corrections  marked  (A),  and,  since  B  = 
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IT  +  (p  —  8,  we  liave  by  the  proper  substitutions,  the  following  corrections  to  the  decli¬ 
nations  of  Eh  43,  as  printed  in  the  annual  catalogues : — 

(1841)  -  "47  +  "894  (280°  -  2  <5)  +  h 

(1842)  -  1".05  +  ".894  (228°  -25)+  k2 

(1843)  +  ".03  +  ".894  (218°  -25)+  k3 

(1844)  +  ".09  +  ".894  (  7S°  -  2  5)  +  7;4 

where  7+  etc.,  are  to  be  taken,  as  before,  from  the  tables  of  division  correction  in  the 
annual  volumes. 

The  following  table  exhibits  in  column  I.  the  values  of  this  expression,  computed 
for  every  five  degrees  of  declination  (and  includes  7c).  Column  II.  is  the  sum  of  column 
I.  and  the  definitive  correction  found  for  Eh  43  in  Table  IS.  at  the  end  of  this  paper. 
To  this  is  still  to  be  added  a  small  correction  depending  on  right  ascension. 


Table  of  corrections  to  Edinburgh ,  1841-1844. 


1841. 

1842. 

1843. 

1844. 

0 

I. 

11. 

I. 

II. 

I. 

II. 

I. 

II. 

S.P. 

o 

n 

It 

n 

// 

It 

// 

// 

// 

* 

75 

+  .13 

+  .13 

+  1.24 

+  1.24 

— 

1.37 

— 

1.37 

+  .34 

+  .34 

80 

+  .01 

+  .01 

+  1.16 

+  1.16 

— 

1.39 

— 

1.39 

+  .37 

+  .37 

85 

—  .  17 

—  .17 

+  1.06 

+  1.06 

— 

1.36 

— 

1. 36 

+  .37 

+  .37 

90 

—  .23 

—  .23 

4- 

.94 

+ 

.94 

— 

1.29 

— 

1.29 

+  .36 

+  .36 

Above  pole. 

+ 

90 

+  .23 

+  .23 

— 

.94 

— 

.94 

+  1.29 

+  1.29 

—  .36 

—  .36 

+ 

85 

+  .28 

+  .28 

— 

.80 

— 

.80 

+  1.18 

+ 

1.18 

—  .34 

—  .34 

“1“ 

80 

+  .28 

+  .28 

— 

.67 

— 

.67 

+ 

1.04 

+ 

1.  04 

—  .31 

—  .31 

+ 

75 

+  .  25 

+  .25 

— 

.56 

— 

.56 

+ 

.90 

+ 

.90 

—  .28 

—  .28 

•f" 

70 

+  .  16 

+  .  16 

— 

.44 

— 

.44 

+ 

.  75 

+ 

.75 

—  .26 

-  .26 

+ 

65 

+  .05 

+  .03 

— 

.36 

— 

.38 

+ 

.59 

+ 

.57 

—  .24 

—  .26 

+ 

60 

—  .08 

—  .  13 

_ 

.31 

— 

.36 

+ 

.46 

+ 

.41 

—  .23 

—  .23 

+ 

55 

—  .23 

—  .31 

— 

.30 

— 

.38 

+ 

.35 

+ 

.27 

—  .23 

—  .31 

+ 

50 

—  .39 

—  .47 

— 

.33 

— 

.41 

+ 

.26 

+ 

.  18 

—  .23 

—  .31 

+ 

45 

—  .54 

—  .60 

_ 

.40 

_ 

.46 

+ 

.20 

4* 

.14 

—  .21 

—  .27 

+ 

40 

—  .67 

—  .70 

— 

.51 

— 

.54 

.  17 

+ 

.14 

—  .20 

-  ,23 

+ 

35 

—  .78 

—  .78 

— 

.  65 

— 

.  G5 

+ 

.  18 

+ 

.  18 

—  .16 

—  .  16 

+ 

30 

—  .86 

—  .81 

_ 

.78 

_ 

.73 

+ 

.18 

+ 

.23 

—  .10 

—  .  05 

+ 

•25 

—  .91 

—  .79 

— 

.94 

— 

.82 

+ 

.20 

.32 

—  .02 

+  .10 

“j“ 

20 

—  .93 

—  .74 

— 

1.09 

— 

.90 

+ 

.23 

+ 

.42 

+  .09 

+  .28 

+ 

15 

—  .93 

—  .66 

— 

1.23 

— 

.96 

+ 

.27 

.54 

+  .21 

+  .48 

"1“ 

10 

—  .92 

—  .58 

— 

1.  34 

— 

1.00 

.28 

+ 

.62 

+  .  34 

+  .63 

+ 

5 

—  .89 

—  .53 

— 

1.43 

— 

1.  07 

+ 

.30 

*  + 

.66 

+  .47 

+  .83 

0 

—  .87 

—  .53 

— 

1.48 

— 

1.14 

+ 

.31 

+ 

.65 

+  .59 

+  .93 

— 

5 

—  .84 

—  .59 

— 

1.51 

— 

1.26 

+ 

.31 

+ 

.56 

+  •  71 

+  .96 

— 

10 

—  .82 

—  .69 

— 

1.51 

— 

1.38 

+ 

.32 

+ 

.45 

+  .79 

+  .92 

_ 

15 

—  .80 

—  .78 

— 

1. 50 

— 

1.48 

+ 

.33 

+ 

.35 

+  .83 

+  .85 

— 

20 

—  .80 

—  .83 

— 

1.48 

— 

1.56 

+ 

.  35 

+ 

.27 

+  .83 

+  .75 

— 

25 

—  .80 

—  .93 

— 

1.46 

— 

1.61 

+ 

.38 

+ 

.23 

+  .81 

+  .06 

— 

30 

—  .79 

-1.00 

— 

1.44 

— 

1.65 

+ 

.45 

+ 

.24 

+  -74 

+  .53 
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With  the  corrections  of  column  I.  added  to  those  for  nutation  and  proper  motion 
all  the  results  for  a  given  star  were  formed  into  a  single  mean,  with  the  following  table 
of  weights : — 


Weights. 

Observations. 

1 

1 

2 

2  and  3 

2.5 

4 

3 

5  to  9 

4 

10  to  35 

5 

36,  or  more. 

Eh  58,  Eh  03  aud  Eh  67.  There  are  few  observations  in  this  series ;  but  many  of 
them  relate  to  stars  for  which  few  observations  are  found  elsewhere.  The  unimportant 
corrections  for  nutation  applied  to  Cambridge  annual  catalogues  of  corresponding 
years  previous  to  1857  are  used.  The  proper  motion  correction  is  generally  neg¬ 
lected  :  the  difference  between  those  assumed  in  this  paper  and  those  of  B.  A.  C.  used 
in  reduction  of  Edinburgh  observations  being  usually  small,  for  the  short  interval  of 
time  intervening  between  the  mean  epoch  of  observation  aud  the  beginning  of  the 
year.  The  grouping  is  determined  by  constancy  of  zenith  circle  readings,  which,  how¬ 
ever,  were  often  changed  during  the  period  embraced  in  Eh  58. 

Kg  43.  The  reduction  by  Luther,  in  Ast.  Nach.  1070,  employs  Bessel’s  refractions 
(1821)  and  derives  the  latitude  from  a  Urs.  Min.,  a  Aurigge  and  a  Cygni.  I  have  followed 
the  lead  of  Dr.  Auwers  (Ast.  Nach.  1549),  taking  the  latitude  from  a  Urs.  Min.  alone 
and  applying  the  correction  —  ".17  to  the  declinations  of  all  stars,  except  a  Aurig® 
and  a  Cygni,  whose  declinations  are  taken  from  upper  culmination  alone,  and  the  cata¬ 
logue  places  corrected  respectively  by  —  ".44  and  —  ".41.  The  observations  were 
originally  reduced  with  Peters’s  nutation. 

GREENWICH  CATALOGUES,  183G-1872. 

This  long  and  valuable  series  of  observations  is  remarkable  for  the  uniiormity  of 
its  plan  and  methods,  the  thoroughness  aud  accuracy  of  its  numerical  reductions, 
and  the  vast  amount  of  material  it  contains,  chiefly  relating  to  places  of  sun,  moon, 
planets,  and  stars  of  the  sixth  magnitude,  or  brighter.  The  observations  are  made 
with  non  reversible  instruments,  and  the  problem  of  absolute  declinations  is  rendered 
altogether  subordinate  to  the  requirements  of  routine  work  on  a  large  number  of  ob¬ 
jects.*  This  robs  the  series  of  an  interest  it  might  otherwise  possess  ;  but  when  syste¬ 
matic  corrections  to  its  various  catalogues  are  once  ascertained,  it  becomes  the  richest 
mine  of  information  on  the  declinations  of  the  brighter  stars. 

Two  mural  circles  were  used  until  March,  1839,  then  a  single  mural  circlet  until 
1851,  when  the  great  transit  circle  was  mounted,  and  has  been  used  until  the  present 
time.  The  position  of  the  telescope  on  each  of  Ihe  mural  circles  was  changed  at  the 
beginning  of  each  year.  The  relation  of  the  telescope  and  circle  of  the  transit  circle 
is  invariable. 

*  In  a  critical  examination  of  Greenwich  polar  distances  for  1851-1854  Mr.  A.  Marth  has  pointed 
out  very  conclusively  the  defects  of  the  Greenwich  transit  circle,  as  applied  to  the  problem  of  absolute 
declinations.  (Ast.  Nadi.,  1260.) 

t  In  1848,  for  a  short  time,  the  Jones  Cape  circle  was  used. 
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The  observations  were  reduced  with  Bessel’s  refractions  {Tab.  Reg.)  until  1808, 
when  the  refractions  of  the  Fundamenta  multiplied  by  0.99797  were  adopted  on  the 
authority  of  a  discussion  by  Mr.  E.  J.  Stone  (Month.  Not.,  vol.  28,  p.  27),  who  uses  for 
the  purpose  observations  made  with  the  transit  circle  of  Greenwich  1857-1805. 

Gh  39  and  Gh  45.  The  observations  of  separate  years  are  usually  reduced  to  the 
beginning  of  the  year  with  no  proper  motion,  or  with  values  of  that  element  taken 
from  A.  S.  0.  Wherever  the  error  from  this  is  considerable,  it  has  been  carefully 
attended  to  in  the  errata  of  later  catalogues.  1  have  not  investigated  any  cases  inde¬ 
pendently  of  these.  The  proper  motions  of  the  B.  A.  G.  were  used  in  compiling  the 
general  from  the  special  catalogues.  Where  the  difference  between  these  and  those 
assumed  in  this  paper  is  worth  regarding  the  jtroper  correction  has  been  applied, 
using  for  the  purpose  the  mean  epochs  of  the  Twelve-year  catalogue,  which  are  only 
given  to  the  nearest  year.  For  reduction  to  apparent  place  the  special  catalogues  de¬ 
pend  upon  the  Nautical  Almanac.  The  following  mean  corrections  for  nutation  and 
epoch  have  been  applied  : — 

Gh  39.  +  ".04  sin  {a  +  305°) 

Gh  45.  -  ".02  sin  [a  +  01°) 

Gh  50.  The  nutation  correction  is  : — 

-  ".05  sin  {a  +  760) 

The  remarks  under  the  preceding  catalogues  are  generally  applicable.  A  portion 
of  the  time  the  mural  circle  was  used  in  a  temporary  observing-room,  and  the  circum¬ 
stances  under  which  much  of  the  work  was  done  were  necessarily  unfavorable.  Some 
uncertainty  in  the  systematic  correction  of  this  catalogue  must  arise  from  the  fact  that 
it  combines  results  from  two  distinct  instruments  at  different  times. 

Gh  57.  This  catalogue  may  be  regarded  as  containing  the  work  of  the  transit  circle 
in  its  best  estate,  when  the  observers  had  become  accustomed  to  its  peculiarities,  and 
before  any  appreciable  imperfection  or  wear  had  resulted  from  long  use.  Though  the 
instrument  was  used  in  a  single  position  during  the  entire  period,  the  circle  readings 
were  made  with  six  microscopes.  Furthermore,  the  error  of  division  was  carefully 
examined  for  every  degree  and  for  some  special  divisions,  and  the  high  reputation  of 
the  makers  is  a  guarantee  that  the  accidental  errors  of  division  are  probably  small. 
The  proper  motions  of  this  and  succeeding  catalogues  of  Greenwich  are  generally  in 
fair  agreement  with  the  assumed  proper  motions,  so  that  this  correction  is  seldom 
applied  by  me.  The  special  catalogues,  until  1857,  require  small  corrections  for  nuta¬ 
tion  and  epoch;  after  that  year  the  observations  were  reduced  with  Peters’s  nutation, 
and  to  epoch  ©  =  2S0°.  The  resulting  small  correction  was  neglected. 

Gh  04.  The  series  embraced  in  this  catalogue  is  essentially  a  continuation  of  the 
preceding.  No  correction  is  needed  save  that  for  proper  motion,  which  is  usually  insig¬ 
nificant.  During  the  long  period  of  its  use  the  instrument  underwent  slow  changes 
from  wear,  which  might  be  quite  sufficient  to  cause  a  real  difference  in  the  systematic 
correction  required  (see  Gh  70). 

Gh  70.  The  slight  corrections  required  by  the  annual  variations  of  the  special  cat¬ 
alogues  were  sometimes  regarded.  The  results  of  separate  years  were  then  combined 
with  weights  according  to  number  of  observations  in  each  year.  I  became  aware  of  the 
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large  error  due  to  wear  of  the  micrometer  screws  too  late  to  make  any  use  of  a  special 
correction  on  that  account.  I  Lave  taken  my  information  from  Mr.  Christie’s  paper 
in  Month.  Not.  R.  A.  S.,  for  November,  1876. 

The  series  of  reflection  observations  made  during  the  period  1836-1872,  at  Green¬ 
wich,  has  attracted  wide  attention,  and  has  been  the  subject  of  some  interesting 
memoirs.  A  brief  consideration  of  the  principal  points  involved  will  be  of  use  in 
judging  the  value  of  the  declinations  in  the  absolute  sense.  During  most  of  the  period 

occupied  by  observations  with  the  mural  circles,  the  correction  ^  ~  ^  was  fouud  to  be 

so  small  and  so  irregular  that  it  could  not  safely  be  applied.*  The  corrections  of  earlier 
years,  and  for  1850,  were  small.  It  may,  therefore,  be  assumed  that  the  declinations 
of  that  period  (1836-1850)  are  practically  uninfluenced  by  the  discordance  in  question. 
On  the  introduction  of  the  great  transit  circle  in  1851  this  discordance  was  at  once 
noticeable,  and  a  correction  has  always  been  applied  to  all  polar  distances  deduced 
from  the  observations  of  this  instrument — this  correction  being  assumed  to  be  equal 
for  the  two  classes  of  observations  (direct  and  reflected),  but  applied  with  opposite 
signs.  The  division  error  was  discussed  for  every  degree  of  pointer  reading,  first  in 
1851-’2,  again  in  1856,  and  lastly  in  1871.  The  results  of  the  three  investigations 
essentially  confirm  each  other.  The  first  table  of  corrections  was  used  in  the  years 
1851-1856 ;  the  second,  1857-1867 ;  the  third,  which  is  the  mean  of  the  first  and  second, 
1868  and  later.  The  horizontal  flexure  was  several  times  determined  by  the  opposiug 
horizontal  collimators.  Until  1866  the  telescope  was  raised  from  its  bearings  in  order 
to  render  the  collimators  iutervisible.  In  the  latter  part  of  1865  the  telescope  cube 
was  pierced  in  such  a  manner  as  to  dispense  with  the  raising.  Owing  to  construction 
of  the  instrument  a  single  circular  opening  could  not  be  cut,  but  several  radiating 
apertures  in  the  form  of  sectors  were  made.  This  necessitated  the  use  of  very  large 
collimators  (aperture  7  inches).  The  value  of  the  horizontal  flexure  suddenly  changed 
at  this  time  nearly  one  second,  passing  from  a  decided  plus  value  to  a  minus  value.  In 
the  table  to  be  given  it  will  be  observed  that  there  is  a  simultaneous  change  in  the 
opposite  direction  of  the  sign  of  the  coefficient  of  sin  Z  cos2  Z.  As  Professor  Newcomb 
suggested  to  me  recently  that  the  entire  series  of  observations  with  the  transit  circle 
could  be  reconciled  to  the  supposition  of  a  uniform  coefficient  of  flexure,  depending 
on  sin  Z ,  I  have  examined  this  question,  not,  however,  in  any  very  critical  or  conclu¬ 
sive  manner.  It  is  necessary  to  remark  that  the  formula  of  correction  was,  until  1862, 
assumed  to  be 

(1)  a  -f-  b  sin  Z-, 

subsequently  to  that  time 

(2)  a  +  b'  sin  Z  cos2  Z. 

I  have  reduced  b'  to  make  it  comparable  with  b,  by  supposing  that  the  mean  Z, 
where  1)  —  E  occurs,  is  effectively  about  25°,  and,  therefore,  that  b  would  have  been 
about  .8  b',  had  the  law  expressed  in  (1)  been  used  instead  of  (2).  The  groups  are 
partly  determined  by  the  periods  during  which  the  same  coefficient  determined  from 
opposing  collimators  was  used.  The  following  table  exhibits  approximate  results. 
The  first  column  gives  the  year  or  period  ;  the  second,  adopted  value  of  flexure  depend- 

*Airy  says,  p.  xli,  Iut.  Gh.  Obs.,  1840,  “  The  values  of  li  —  1)  are  so  small,  and  the  existence  of  any 
law  among  them  so  uncertain,  that  I  have  thought  it  best  to  adopt  the  circle-results  without  any  correc¬ 
tion  for  B  —  D.”  This  remark  is  substantially  repeated  in  each  volume  until  1850. 
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ing  ou  sin  Z ,  obtained  from  observation  of  collimators;  the  third,  the  average  value 
of  b  for  the  given  period — for  the  first  three  groups  directly  derived — for  all  after 
18G2  from  b'  in  the  manner  explained  ;  the  fourth,  the  average  value  of  the  constant 
term  a;  the  fifth,  the  sum  of  second  and  third  columns;  the  sixth,  the  weight — the 
result  of  one  year  being  the  unit.  The  spaces  indicate  epochs  of  change  in  division 
correction  used : — 


Period. 

Collimator 

flexure. 

b,  or.  8 b' 

a 

Residual 

flexure. 

Weight. 

1851 

// 

+  .73 

// 

—  .24 

u 

+  .  10 

// 

+  .49 

1 

1852 

1853-1856 

+  .  /3 
+  .50 

[-  -241 

—  .31 

[+  .10] 
-  .03 

+  .19 

4 

1857-1861 

+  .56 

—  .42 

+  .04 

+  .  14 

5 

1862-1864 

4-  .56 

—  .43 

4-  .01 

+  .13 

3 

1865 

4-  .76 

—  .62 

—  .04 

+  .14 

1 

1866-1870* 

—  .37 

+  .62 

-f  .10 

+  .25 

5 

1871  and  1872 

—  .  12 

+  -51 

—  .01 

+  .39 

2 

Mean . 

+  .21 

21 

*  The  actual  change  in  division  correction  used  took  place  in  1868,  and  is  unimportant. 

Thus  it  appears  that,  if  the  uniform  value  of  sine  flexure,  -{-  ".21,  had  been  employed 
throughout  the  series,  we  should  have  had  sufficiently  good  agreement  between  direct 
and  reflection  observations.  This  appears  to  me  to  throw  discredit  upon  the  value  of 
flexure  derived  from  opposing  collimators,  and  forces  me  to  the  belief  that  the  change 
in  the  collimator  flexure  between  1SG5  and  186G,  if  it  has  indeed  any  reality  in  fact, 
was  much  smaller  than  has  been  supposed.  In  this  particular  case,  at  least,  the  fore¬ 
going  discussion  appears  to  argue  strongly  for  the  utility  of  reflection  observations. 

If  there  is  a  real  residual  discordance,  It  —  D,  it  would  appear  from  the  discus¬ 
sions  of  Airy  (Mem.  B.  A.  S.  xxxiii,  and  Seven-year  Catalogue,  p.  viii);  Faye  ( Comptes 
Eendus,  sxi,  pp.  401,  635,  757);  and  Yan  de  Sande  Backhuyzen*  (Ast.  Each.  1720), 
that  it  is  probably  due  in  some  measure  to  the  effect  of  variations  of  temperature  at 
different  altitudes  in  the  observing  room.  It  is  quite  likely,  that  the  reflection  obser¬ 
vations  are  principally  affected — as  Henderson  and  others  have  supposed. 

It  may  be  interesting  to  note  that,  if  we  assume  the  latitude  derived  by  Bessel 
from  Bradley’s  observations  {Fund.  Astr.)  to  be  near  the  truth — and  there  is  good 
reason  for  believing  it  is — and  if  we  suppose  the  mean  latitude  for  the  period  183G- 

18G0  to  be  that  which  is  affected  by  the  correction  ^  ~  we  shall  have: — 

1755:  $  =  51°  28'  39".G 
1847  :  <p  =  510  28'  3S".17, 

*  “  Ueber  den  Mvfluss  dcr  Strahlenbrechung  im  Beobachiungesaale,  auf  die  mit  dem  Meridiankreise  bestim- 
ten  Declinationen.”  This  paper  treats,  most  thoroughly,  the  observations  of  Greenwich  transit  circle, 
1851-1864,  with  reference  to  discrepancies  in  polar  distance,  which  are  cotemporaneous  with  difference 
of  readings  of  outer  and  inner  thermometers.  As  a  practical  result,  the  form  of  an  ideal  surface  of  junc¬ 
tion  between  tho  outer  and  inner  air  is  deduced,  which  appears  to  explain  the  discrepancies  in  a  satis¬ 
factory  manner. 
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Annual  variation  of  latitude  —  ".0155,  or  — ".0139,  if  the  latitudes  are  reduced  to 
tbe  same  refractious. 

Comparing  tbe  results  found  by  Airy  (p.  viii,  Seven-year  Catalogue),  with 
<p  =  51°  28'  3S".17  —  ".0139  t ,  we  have  : — 


Period. 

Latitude  observed. 

From  formula. 

1836-1841 

1842-1848 

1851-1860 

o  /  II 

51  28  38.23 
38. 17 
38. 15 

o  /  n 

51  28  38.28 
38. 19 
38. 04 

If,  on  the  otber  band,  we  consider  tbe  results  for  latitude  as  printed  in  tbe  Green¬ 
wich  Annual  Catalogues  later  tban  1860,  we  have  seconds  of  latitude  for  1861-67, 
38".25;  and  (after  approximate  reduction  to  tbe  redactions  previously  used)  for  1S68- 
72,  38".  18,  results  wbicb  contradict  tbe  theory  of  diminishing  latitudes. 

EADCLIFFE  CATALOGUES. 

Ee  45.  The  nutation  correction  is  neglected,  because  the  period  embraced  in  the 
observations  is  so  great,  that  an  error  greater  than  tbe  correction  would  often  be  intro¬ 
duced.  The  places  were  corrected,  wherever  necessary,  for  tbe  difference  between 
assumed  proper  motion  and  that  found  in  tbe  catalogue.  An  important  correction  is 
found  in  the  Introduction,  pp.  viii  to  xi.  This  has  been  carefully  applied,  as  well  as 
that  for  error  in  reducing  three  stars  specified,  p.  xii,  Int. 

The  refractions  used  in  this  catalogue  are  those  of  Bessel  (1820)  multiplied  by 
.9967.  A  much  smaller  refraction  was  deduced  by  Johnson  (Ee  Obs.  xv,  p.  xxiv).  The 
instrument  was  very  imperfect,  and  was  used  in  a  single  position. 

Ee  5S.  This  is  essentially  a  continuation  of  the  foregoing  catalogue.  The  impor¬ 
tant  correction  p.  xviii  Introduction  to  second  Eadcliffe  catalogue  was  applied  before 
using  the  results. 

Ee  66  and  Ee  72.  The  trifling  correction  for  proper  motion  has  been  applied  in  a 
few  instances.  The  telescope  was  shifted  relatively  to  the  circle  at  the  beginning  of 
1870 ;  so  that  in  the  final  discussion  of  declinations  the  series  has  been  divided  into 
two  groups.  In  making  up  these  groups  the  observations  were  given  weights  propor¬ 
tional  to  number  of  observations,  the  corrections  of  Table  IX.  being  first  applied. 
Tbe  results  were  then  considered  as  agreeing  with  the  Normal  System  and  were  used 
without  further  correction.  But,  for  preliminary  purposes,  owing  to  the  large  system¬ 
atic  differences  in  polar  distances  of  different  years,  stars  were  omitted  which  were  not 
observed  in  at  least  four  different  jears.  Each  year  was  given  equal  weight  unless 
tbe  number  of  observations  was  less  tbau  4;  two  or  three  observations  were  given 
weight  .7;  and  1,  weight  .4.  Tbe  following  table  exhibits  corrections  to  assumed  places 
thus  derived : — 


Star. 

C. 

Star. 

C. 

Star. 

C. 

a  Andromed® . 

y  Pegasi  . 

a  Cassiopeee . 

t]  Cassiopere . 

[i  Andromodra . . 

// 

—  .26 
+  .39 
—  .04 
4-  .08 
+  .28 

e  Piscium . 

/3  Andromedre . 

a  Ursas  Minoris . 

0i  Coti . 

T]  Piscium . 

a 

—  .  14 

—  .  12 
—  .26 
-f  .64 
—  .60 

51  Andromed® . 

o  Piscium . 

e  Cassiopese . 

/3  Ariot  is  . . 

50  Cassiopere . 

// 

—  .59 

—  .78 
-f  .20 

—  .  12 
+  -57 
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Star. 

G 

Star. 

G 

Star. 

C 

a  Arietis . 

f  Ceti . 

Ceti . 

y1  Ceti . . 

a  Ceti . 

0  Persei . . 

a  Persei . 

ti  Tauri . 

B.  A.  C.  1235  . 

y  Tauri . 

c  Tauri . 

a  Tauri . 

4  Camelopardalis  .. 

t  Aurigse . 

a  Aurigse . 

0  Orionis.  . . 

0  Tauri . 

cl  Orionis . 

f  Orionis . 

a  Orionis . 

0  Aurigse . 

7)  Geminorum . . 

ft  Geminorum  . . 

y  Geminorum  . 

B.  A.  C.  2157 . 

C  Geminorum  . 

6  Geminorum  . 

0  Can.  Minoris . 

0  Geminorum . 

0  Cancri . 

o  Ursse  Majoris . 

s  Hvdrse . 

a1  Ursse  Majoris . 

k  Cancri . 

a  Hydrae . 

o  Leouis . 

e  Leonis . 

v  Ursse  Majoris  _ 

j  p  Leonis . 

[  a  Leonis . 

+  Leonis . 

p  Leonis . 

53  Leonis . 

0  Ursse  Majoris . 

f  Ursse  Majoris  - _ 

(5  Leonis . 

r  Leonis  . 

A  Draconis . 

|  v  Leonis . 

X  Ursse  Majoris . 

0  Leonis . 

0  Virginia . 

y  Ursse  Majoris . 

4  Ursse  Majoris . 

7/  Virginia . 

II 

+  .15 

—  .17 
+  .25 

—  .09 
+  .31 

+1.23 

—  .23 
+  .71 
+  .61 

—  .28 

+  .06 
—  .01 
+  -12 
+  .29 
+  .29 

+  .22 
+  .13 

—  .07 

—  .67 
+  .55 

—  .24 
+1.23 
+  .01 
+  .02 
+  .11 

+  .93 
+  .06 
+  .49 

—  .54 
+  .21 

+  .14 

—  .25 
+1.32 
+  .09 

—  .10 

+  .21 
+  .27 
+  .19 
+  .08 
+  .57 

—  .  54 
+  .01 

—  .62 

—  .69 
+  .31 

+  .16 
+  .04 
+1.28 

—  .05 
+  .37 

+  .16 

—  .21 
+  .11 

—  .54 

—  .51 

k  Draconis . 

a  Can.  Ven . 

0  Virginia . 

a  Virginia . 

f  Ursse  Majoris . 

C  Virginia . 

7]  Ursse  Majoris . 

7?  Bootis . 

a  Draconis . .  . . 

a  Bootis . 

8  Bootis . 

p  Bootis . 

e1  Bootis . . 

0  Ursa>  Minoris . 

0  Bootis . . 

0  Librse . 

y2  Ursse  Minoris . 

i  Draconis . 

a  Coronse  Borealis  .. 
a  Serpcntis . 

e  Serpent’s . 

<T  Ursse  Minoris  .... . 

6  Draconis . 

4  Ophiuchi  . . 

y 2  Herculis . 

7i  Draconis . 

15  Draconis  . . 

C  Ophiuchi . 

£  Herculis . 

7i  Herculis . 

k  Ophiuchi . 

e  Herculis . 

e  Ursse  Minoris . 

o1  Herculis . 

0  Draconis . 

a  Ophiuchi . 

p  Herculis . . 

ip1  Draconis . 

d9  Herculis . 

y  Draconis  . . 

(5  Ursae  Minoris . 

7)  Serpentis . 

X  Draconis . 

a  Lyrse . 

0  Lyrae  . . 

e  Aquilse . 

C  Aquilse . 

4  Aquilse . 

0  Cygni . 

y  Aquilse . 

a  Aquilse . 

0  Aquilse . 

A  Ursse  Minoris . 

k  Cephei . 

e  Delphini . 

II 

+1.08 
+  .21 

—  .40 
+  .26 

—  .43 

—1.02 

—  .12 

—  .03 
+  .03 

—  .55 

—  .08 
+  .39 
+  .46 
+  -17 
—  .80 

+  .37 

—  .79 

—  .80 
—  .20 
+  .44 

+  .48 

—  .31 
+  .27 

—  .04 

+  .68 

—  .45 
+  .03 
—1.07 
+  .07 
—1.53 

'  +1.11 
+  .  76 

—  .38 
+1. 10 
+  .13 

+  .26 
+  .51 

—  .34 
+  .47 

—  .02 

—  .03 
+  .74 
+  .03 

—  .07 
+  .50 

+  .78 
+  .58 
+  .96 
+  .20 
+  .62 

+  .52 
+  .27 
+  .33 
+  .74 
+  .63 

6  Cephei . 

a  Delphini . 

a  Cvgni . 

fi  'Aquarii . 

01 1  Cygni . 

f  Cygni . 

a  Cephei . . 

0  Aquarii . 

0  Cephei . 

e  Aquarii . 

£  Pegasi . 

16  Pegasi  . 

a  Aquarii . 

0  Aquarii . 

y  Aquarii . 

62  Cephei . 

7)  Aquarii . 

f  Pegasi . 

H  Pegasi . 

£  Cephei . 

A  Aquarii . 

a  Pegasi . 

o  Cephei . 

t  Piscium . 

y  Cephei . 

u  Piscium . 

Slars  south  of  —  10°. 

0  Ceti . 

y1  Eridani . 

a  Leporis  . 

e  Can.  Majoris . 

15  Argus  . . 

6  Crateris . 

0  Corvi . 

a 2  Librae . 

01  Scorpii . 

a  Scorpii . 

44  Ophiuchi . 

p1  Sagittarii . 

43  Sagittarii  . 

a 2  Capricorni  . 

a  Pis.  Aust . 

u 

+  .04 
+  .74 

—  .24 
—1.74 
+1.48 

—  .04 
+  .10 
+  .06 

—  .09 
—1.04 

+  -11 
+  .21 
+  .04 

—  .62 
+  .59 

—  .15 

—  .33 
+  .65 
+  .43 
+  .10 

—1.27 
+  .21 
+1.57 
+  .02 
+  .16 

—  .62 

—  .08 
—  .  11 
+  .19 
+  .39 

—  .07 

—  .68 
+  .34 
+  .06 
+1.40 
+  .96 

-  .48 
+  .02 
—3.  26 
+  .03 

—  .77 

Note. — The  catalogue  for  1873  was  not  received  in  time  to  be  used  in  forming  the  above  corrections, 
but  is  used  later  in  making  up  C„  for  Bt  72. 
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Iu  forming  the  corrections,  a  few  polar  distances  marked  in  the  catalogues  as 
doubtful,  or  to  be  rejected,  with  a  few  which  result  solely  from  observations  below  the 
pole  at  great  zenith  distances,  were  not  used.  The  weights  of  a  few  others  were 
reduced  iu  forming  the  means,  on  account  of  unusual  discordance,  or  because  the  cat¬ 
alogue  p.  d.  is  made  up  partly  of  sub  polo  determinations  at  zenith  distances  over  70°. 

In  general,  the  results  are  far  less  exact  than  we  should  have  expected  from  the 
circumstances.  Though  the  instrument  is  of  the  non  reversible  pattern,  the  relation 
of  the  telescope  to  the  divided  circle  can  be  altered  at  pleasure;  yet  this  precaution 
was  exercised  but  once,  at  the  beginning  of  1870.  It  would  be  impossible  to  detail  the 
various  systematic  corrections  which  have  been  applied  iu  the  reductions  from  time 
to  time.  The  division  error  was  determined  on  the  assumption  that  the  mean  of  8 
microscopes  is  free  from  error,  aud  a  correction  applied  after  1862.  The  values  of 
horizontal  flexure  as  adopted  in  reductions  have  varied  from  +  FM3  to  +  2".82. 
The  dependence  on  the  time  is  not  marked,  the  adopted  value  in  18G2-’G3  being 
-f  2//.5 ;  aud  in  lS71-’73,  +  2//.8.  In  1SG2-’G3-’G4  aud  ’G7,  corrections  were  applied 


for 


B-D 
2  ' 


Various  corrections  were  applied  for  discordance  of  zenith  points,  deter¬ 


mined  by  nadirs  and  by  reflection  observations,  etc.  The  refractions  are  those  deduced 
by  Johnson,  aud  used  in  the  Radcliffe  general  catalogues.  To  show  the  variety  of 
practice  in  reducing  the  observations,  we  have  the  following  table  of  latitudes  adopted 
in  reductions : — 


Year. 

Adopted  latitude. 

Year. 

Adopted  latitude. 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

O  /  II 

51  45  35. 85 
35. 73 
35. 50 
35. 28 
36.  55 
35.  96 
36. 16 

1869 

1870 

1871 

1872 

1873 

o  /  </ 

51  45  35.42 

36. 20 
35.81 
36.06 
36. 33 

The  groups  indicate  periods  for  which  the  zenithal  circle  readings  were  the  same. 

Pa  45.  The  catalogue  results  are  used  without  change.  The  instrument  used  in 
these  observations  is  of  peculiar  construction,  and  in  many  respects  superior  to  any 
yet  employed  in  meridian  observations  for  the  purpose  of  deducing  standard  decli 
nations.  The  results  like  those  of  Kg  21,  Dt  24,  and  Ao  29  are  independent  in  every 
essential  respect,  and  are  such  as  to  inspire  the  highest  confidence. 

Ah  41  and  Ah  52.  It  was  decided  to  use  the  Armagh  places  for  1840  as  two  cata¬ 
logues.  The  first  includes  the  observations  1835-184G ;  the  second,  1847-1854. 
Where  a  star  had  been  observed  in  both  periods,  the  separation  was  accomplished  in 
this  manner.  In  the  section  entitled  “Observed  Places  of  Stars,”  pp.  1  to  GIG,  the 
means,  for  each  period,  of  corrections  to  the  assumed  polar  distance  (that  of  A.  S.  0., 
B.  A.  C.,  etc.),  were  taken.  The  mean  of  all  the  results  wras  then  subtracted  from  the 
separate  means;  the  results  are  corrections  to  the  catalogue  polar  distances  tor  the 
respective  periods.  In  the  majority  of  instances  all  the  observations  of  a  given  star 
are  embraced  iu  one  or  the  other  of  the  two  periods.  No  correction  for  nutation  was 


446  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION. 


[40] 


applied.  The  catalogue  places  are  reduced  without  proper  motion  except  in  a  few 
cases  specified  by  Dr.  Robinson  in  Ast.  Nach.  lx,  75.  The  proper  correction  has  been 
carefully  applied. 

WASHINGTON  MURAL  CIRCLE,  1845-1873. 

The  most  of  this  series,  together  with  observations  of  meridian  circle,  meridian 
transit,  and  prime  vertical  transit,  have  been  compiled  in  a  general  catalogue*  for  the 
epoch  1860,  by  Professor  Yarnall.  For  the  present  purpose  it  is  desirable  to  separate 
the  work  of  the  various  instruments,  and  to  combine  the  work  of  the  mural  circle  into 
such  convenient  groups  as  appear  to  be  advisable.  The  error  of  division  of  this 
instrument  though  not  investigated  is  undoubtedly  small,  aDd  to  provide  against 
error  from  this  and  other  causes  the  position  of  the  telescope  on  the  circle  was  fre¬ 
quently  changed. 

Wn  47.  The  declinations  are  reduced  in  1845  with  Lindenau’s  nutation;  in  the 
three  following  years  with  that  of  the  B.  A.  C.,  and  to  epoch,  ©  =  281°.  The  correc¬ 
tions  are : — 

1S45  +  ".21  sin  (a  +  315°.  2) 

1846  +  "05  sin  (a  -f  244°  ) 

1847  +  ".06  sin  (a  +  244°  ) 

1848  +  ".06  sin  (a  +  247°  ) 

The  proper  motions  employed  in  the  reductions  are  those  of  N.  A.,  1848,  and 
B.  A.  (3.  After  1845  the  declinations  arc  reduced  to  1850,  so  that  the  correction  is 
often  considerable. 

The  latitude  which  results  from  the  observations  of  circumpolar  stars  in  1845,  and 
which  is  adopted  in  subsequent  years,  is  smaller  by  ".25  than  that  actually  employed 
in  the  reductions  of  1845.  Accordingly,  the  correction  —  "25  has  been  applied  to  the 
catalogue  declinations  of  that  year,  reversing  the  sign  where  the  declination  results 
from  observations  below  the  pole. 

The  circle  was  used  in  thirty  different  positions,  relative  to  the  zenith,  in  1845 ; 
in  1S46  and  1847  the  zenith  reading  remained  the  same,  and  was  again  changed  at 
the  beginning  of  1848.  The  process  of  combination  is  as  follows  :  The  declinations 
of  1846  and  1S47  are  combined  with  weights  proportional  to  the  number  of  observa¬ 
tions;  to  the  resulting  declinations  for  1845,  1846-’47  and  1848  weights  are  assigned 
according  to  this  table  : 


Weight. 

Number  ob¬ 
servations. 

Weight. 

Number  observa¬ 
tions. 

1 

1 

5 

8  to  11. 

2 

2 

6 

12  to  16. 

2.5 

3 

7 

17  to  26. 

3 

4 

8 

27  to  50. 

4 

5  to  7 

9 

51  and  upward. 

Wn  56.  The  simple  mean  of  the  separate  results  in  all  the  years  is  taken  without 
correction.  Professor  Hall  (Ast.  Nadi.,  1947)  finds  the  correction  -f  ".19  to  the  lati- 

*  ‘  Catalogue  of  stars  observed  at  the  United  States  Naval  Observatory  during  tbe  years  1845  to 
1871.”  Appendix  III.,  Washington  Astronomical  Observations  for  1871. 


[41 J 


REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  n.  447 


tude  actually  used  in  reductions  (3S°  53'  39".25).  The  resulting  correction  to  decli- 
ations,  I  have  not  used. 

M  n  G4.  All  the  declinations  must  be  corrected  for  the  full  amount  of  proper 
motion — that  of  a  Lyra  in  1862  excepted.  The  latitude  assumed  in  the  reductions 
should  be  corrected  by  —  ".47,  according  to  the  discussion  by  Professor  Newcomb.* 
I  have  applied  to  all  declinations  above  the  pole  the  correction  —  ".47 ;  and  to  all 
below,  +  ".47.  To  all  the  declinations  by  direct  observations  in  1801  and  1862, 1  have 
applied  the  correction,  —  ".21  for  discordance  of  direct  and  reflected  observations,  on 
the  authority  of  the  discussion,  p.  xxx,  Wash.  Ast.  Obs.  1803.  In  combination,  the 
weights  were  taken  from  the  table  given  in  Wash.  Obs.,  1864,  p.  xli,  which  is  here 
copied  for  reference : 


Weight. 

Number  of  observations  in  differ¬ 
ent  years. 

1861-62. 

1863. 

1864. 

1 . 

1  or  2  .... 
Above  2  .. 

1  or  2  .... 
3  to  5  .... 
Above  5.. 

1. 

2  or  3. 

4  to  7. 

8  to  20. 
Above  20. 

2 . 

3 _ 

4 . 

5 . 

Wn  70.  All  declinations  are  corrected  for  full  amount  of  proper  motion.  In  1872 
and  1873  the  assumed  latitude  is  38°  53'  38".8,  and  this  is  ".45  smaller  than  that  of 
previous  years.  +".45  is  applied  as  a  correction  to  the  catalogue  declinations  of 
1872-’73. 

So  51.  The  declinations  of  the  catalogue  are  used  without  alteration. 

So  55.  Proper  motions  were  employed  by  Mosta  in  a  few  cases  only.  These  are 
specified  on  p.  xli,  Tut.  The  nutation  correction  is  that  of  Ce  55. 

Ps  53.  The  declinations  of  the  catalogue  are  used  without  change.  The  position 
of  the  telescope  on  the  circle  was  twice  changed  during  the  observations  of  this  series. 
There  is  every  reason  to  believe  that  the  observations  are  exceptionally  free  from  errors 
due  to  the  instrument  (Gambey  circle).  The  error  of  division  appears  to  have  been 
small  (vide  Laugier’s  catalogue,  p.  55,  and  Compt.  Bench,  tome ,  xxvii,  p.  633). 

No  sensible  flexure  is  indicated  by  the  few  reflection  observations  which  were  taken. 
Caillet’s  refrac  ionsf  were  adopted  in  the  reductions,  and  the  numerous  observations  of 
circumpolar  stars  do  not  indicate  any  considerable  correction  to  them. 

PARIS  ANNUAL  CATALOGUES,  1854-’67. 

The  declinations  of  the  annual  catalogues  require  no  sensible  correction.  Until 
1862  the  Gambey  mural  circle  was  used  alone.  After  that  time  the  declinations  depend 
principally  upon  observations  made  with  the  great  meridian  circle.  The  position  of  the 
telescope  on  the  circle  was  changed  in  September,  1857.  A  comparison  between  results 
obtained  before  and  after  this  time  shows  that  there  is  a  constant  difference,  amounting, 
approximately,  to  ".25.  In  1863  and  1864  the  transit  circle  was  used  without  any  cor¬ 
rection  for  flexure;  afterward  the  correction  —  ".77  sin  Z  was  applied  iu  the  reductions. 


*  Appendix  to  Washington  Astronomical  Observations  for  1864. 
t  Additions  &  la  Conn,  des  temps,  1851. 
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Comparison  of  the  results  obtained  by  the  two  circles,  when  used  in  common, 
shows  no  appreciable  systematic  difference  between  them. 

The  declinations  are  not  independent — the  polar  points  being  derived  from  obser¬ 
vations  of  the  stars  of  a  standard  catalogue,  the  places  of  which  are  revised  from  time 
to  time  on  the  authority  of  the  observations  themselves.  The  process  is  analogous  to 
that  commonly  adopted  in  the  determination  of  right  ascensions. 

The  separate  results  making  up  each  of  the  four  groups — 1854-57,  1858-02,  1863- 
?01,  and  1865-’G7,  are  combined  with  weights  proportional  to  the  number  of  observa¬ 
tions. 

The  observed  declinations  of  stars,  not  included  in  the  Paris  standard  catalogue, 
are  not  conveniently  accessible,  and  the  apparent  places  for  the  days  of  observation 
only  are  given.  Consequently  they  have  been  used  oidy  in  a  few  special  cases. 

BRUSSELS  ANNUAL  CATALOGUES. 

The  declinations  of  these  catalogues  are  unaffected  by  the  reduction  for  proper 
motion,  except  for  stars  of  the  British  Nautical  Almanac.  I  have  applied  the  proper 
correction.  The  nutation  correction  for  1855  and  1850  is  identical  with  that  of  Cam¬ 
bridge  for  corresponding  years. 

The  correction  for  division  was  not  applied  until  1857.  Though  there  is  no  appre¬ 
ciable  alteration  in  methods  during  the  period  1857  to  1807,  the  observations  were 
divided  into  two  nearly  equal  groups — 1857-’G2,  18G3-’G7 — by  which  means  greater 
accuracy  is  secured  in  the  solution  of  conditional  equations  according  to  the  adopted 
method.  This  is  the  more  to  be  desired  because  the  Brussels  series  contains  numerous 
observations  of  stars  generally  neglected,  elsewhere,  in  recent  times. 

The  combination  of  the  separate  years  in  each  of  the  three  groups  was  effected 
by  means  of  weights  strictly  proportional  to  the  number  of  observations. 

C  G  H  58.  The  proper  motions  employed  in  this  catalogue  are  usually  very  near 
those  assumed  in  this  paper.  Where  this  correction  becomes  sensible  it  has  been 
applied.  The  instrument  is  a  duplicate  of  the  Greenwich  transit  circle,  and  is  of  course 
subject  to  the  same  theoretical  objections.  Mr.  Stone  suspects  that  the  zeuith  distances 
given  by  this  instrument  require  a  considerable  correction*,  which  is  proportional  to 
cos  Z.  This  will  tend  to  throw  suspicion  upon  the  results  of  the  discussion  of  refraction 
correction  in  introduction  to  the  Cape  catalogue  (p.  x).  This  discussion  indicates  that 
Bessel’s  refractions  should  be  multiplied  by  .9953  in  order  to  correspond  to  the  obser¬ 
vations  of  circumpolar  stars,  but  r.o  use  is  made  of  this  result  by  Mr.  Stone  in  forming 
the  catalogue. 

Me  62.  The  small  corrections  for  difference  between  assumed  and  catalogue  (Main’s) 
proper  motions  have  been  applied,  also  the  table  of  corrections  for  flexure,  etc.,  given  in 
the  catalogue  (p.  xxi,  int.).  The  instrument  used  in  these,  and  subsequent  meridian 
observations  at  Melbourne,  is  similar  in  most  respects  to  the  Greenwich  transit  circle. 
It  is  much  smaller,  however,  and  there  are  only  four  circle  microscopes. 

During  the  period  embraced  in  Me  02  the  instrument  was  used  at  Williamstown, 
a  short  distance  from  its  present  site.  The  instrumental  reductions  are  very  uncertain, 


Month.  Not.  R.  A.  S.,  vol.  33,  p.  69. 
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and  the  circumstances  were  unfavorable  for  accurate  work.  The  declinations  are  prob¬ 
ably  much  inferior  to  those  obtained  with  the  same  instrument  at  Melbourne. 

Me  GS.  The  catalogue  polar  distances  are  reduced  to  1870,  with  proper  motions, 
which  seldom  differ  much  from  those  of  Section  II.  However,  the  resulting  small  cor¬ 
rections  have  been  carefully  applied.  Following  the  discussion  by  Mr.  E.  J.  Stone 
(Month.  Not.,  vol.  28,  p.  27),  the  declinations  are  reduced  by  Mr.  Ellery  on  the  assump¬ 
tion  that  for  stars  culminating  north  of  Melbourne  zenith,  Bessel’s  refractions  should 
be  multiplied  by  .9009,  and  for  stars  south  by  .9903.  The  latter  number  results  from 
observations  of  circumpolar  stars  at  Melbourne,  the  former  from  comparison  with  Green¬ 
wich  declinations,  1857-’G5.  From  circumpolar  stars  Dr.  Gylden  has  found  .99718  (V. 
J.  S.  Bd.,  iv,  102),  and  arguments  derived  from  a  consideration  of  Gape  of  Good  Hope 
and  St.  Helena  declinations,  compared  with  those  of  northern  observations,  incline  him 
to  the  belief  that  there  may  be  a  real  difference  in  the  refractions  for  the  two  sides  of 
the  zenith  at  Melbourne,  though  the  question  is  much  obscured  by  the  uncertainty. as 
to  division  error  and  flexure  of  the  instrument.  The  instrument  being  non-reversible 
wo  must  remain  in  ignorance  as  to  the  amount  of  cosine  flexure,  and  while  this  uncer¬ 
tainty  remains  it  will  be  difficult  to  draw  decided  conclusions  about  refraction,  espe¬ 
cially  when  we  consider  the  necessarily  large  probable  error  of  refraction  determina¬ 
tions  at  the  latitude  of  Melbourne.  The  comparison  of  Washington  and  Melbourne 
(p.  GO)  throws  some  further  light  on  the  matter. 

Bn  Go.  The  declinations  taken  froinMst.  Nach.,  1719,  are  used  without  change;  those 
from  the  sixth  volume  of  Bonn  observations  are  corrected  for  the  full  amount  of  proper 
motion,  and  for  the  quantities  (applicable  to  declinations,  clamp  east)  in  the  following 
table,  which  is  extracted  from  the  introduction  to  the  volume  in  question  (p.  xiv): — 


<5 

Correction. 

<5 

Correction. 

o 

n 

c 

// 

—  25 

—  .51 

35 

+  .47 

--  15 

—  .47 

45 

+  .52 

—  5 

—  .58 

55 

H-  .50 

+  & 

—  .20 

05 

+  .43 

+  15 

+  .00 

75 

+  -32 

-f  25 

+  .01 

85 

+  .13 

When  the  clamp  is  west  the  sign  of  the  correction  must  be  reversed.  The  decli¬ 
nations  depend  essentially  upon  those  of  the  Berlin  Jahrbuch  ( Wolfer’s). 

Lc  GG.  The  declinations  must  be  corrected  for  the  full  amount  of  proper  motion, 
none  having  been  employed  in  the  reductions.  The  declinations  are  founded  syste¬ 
matically  upon  the  standard  catalogue  of  the  German  Astronomical  Society  (V.  J.  S., 
iv,  324). 

Ln  G7.  A  few  small  corrections  for  proper  motion  have  been  applied.  In  trans¬ 
cribing  the  declinations  from  this  series,  the  order  of  preference  has  been — first,  Ast. 
Nach.,  1902 ;  second,  circumpolar  stars,  p.  [141],  second  volume  Leiden  Obs.;  third, 
from  the  catalogue  of  Gradmessung  stars,  p.  [125]  ibid. 

The  stars  of  the  Gradmcssung  catalogue  depend  upon  readings  of  circle  B  alone;  for 
the  others  both  circles  were  used.  Exceptional  care  appears  to  have  been  exercised  both 
■29 
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in  tho  observations  and  their  redactions.  The  instrument  is  of  the  reversible  pattern, 
and,  where  practicable,  equal  numbers  of  observations  have  been  taken  in  each  of  the 
four  positions— clamp  east  (dir.  and  ref.),  clamp  west  (dir.  and  ref.).  The  error  of  division 
for  every  5'  mark  on  both  circles  has  been  ascertained.  The  corrections  for  flexure,  and 
to  assumed  latitude  and  refraction  constant,  are  thoroughly  discussed  according  to  the 
methods  of  Bessel.  The  Gradmessung  stars  were  each  observed  sixteen  times — the 
others  much  more  frequently. 

RESULTS  OF  OBSERVATIONS  FOE  DECLINATION  MADE  WITH  THE  WASHINGTON  TRANSIT 

CIRCLE  FOR  YEARS  1866-1874. 

These  are  printed  in  the  annual  volumes  of  the  United  States  Naval  Observatory 
for  the  respective  years,  and  have  been  taken  from  the  sections  entitled  “Corrections 
to  the  star  positions  of  the  American  Ephemeras, etc.,  and  “Positions  of  Miscellaneous 
Stars,”  etc.  I  have  not  used  the  results  obtained  by  Professor  Newcomb,  from  tho 
observations  of  1SCG  and  18G7,  and  published  in  Appendix  HI.  of  the  Washington 
volume  for  18G7,  nor  the  annual  catalogues  in  the  later  volumes. 

Notwithstanding  the  large  probable  error  of  its  single  determinations,  this  series 
appears  to  be  worthy  of  particular  attention,  both  on  account  of  the  great  variety  of 
circumstances  under  which  the  observations  were  taken,  and  because  tho  instrument 
under  consideration  is  in  latitude  nearly  13°  farther  south  than  any  other  in  the 
northern  hemisphere  which  has  been  used  for  important  independent  determinations 
of  declination  in  recent  times. 

The  instrument,  one  of  the  largest  of  its  class,  is  easily  reversed.  It  has  two 
fiuely  divided  circles,  denominated  respectively  A  and  B.  Circle  A  was  read  in  18GG  and 
B  in  subsequent  years.  In  the  Washington  volume  for  18G5  will  be  found  au  elaborate 
and  exhaustive  treatise  by  Professor  Newcomb  relating  to  the  theory  of  errors  of  the 
transit  circle,  and  in  the  same  connection  a  practical  application  of  the  principles 
derived,  to  the  particular  case  of.  tho  Washington  transit  circle.  The  division  correc¬ 
tion  of  each  circle  is  ascertained  with  great  care  at  intervals  of  single  degrees ;  the 
corrections  for  flexure  of  circles  and  telescope  are  examined,  so  far  as  the  same  was 
practicable  without  recourse  to  celestial  observation.  The  reductions  of  subsequent 
years  assume  the  accuracy  of  these  investigations.  The  instrument  is  usually  reversed 
at  the  beginning  of  each  calendar  year,  and  at  various  times  the  circle  is  shifted  rela¬ 
tively  to  the  telescope,  so  that  a  given  polar  distance  will  depend  upon  different 
divisions  in  different  years.  The  only  exception  is  in  the  years  1871  and  1872,  which, 
for  practical  purposes,  may  be  regarded  as  the  work  of  a  single  year.  The  zenith 
points  until  June,  18G7,  were  maiuly  derived  from  observations  of  leveled  collimators; 
after  that  period  from  observations  of  the  nadir.  A  few  observations  by  reflection 
were  taken,  but  after  the  first  three  years  the  number  of  these  is  so  scanty  that  no 
reliable  discussion  of  instrumental  peculiarities  can  be  based  upon  their  testimony. 
Besides  the  corrections  for  division  and  flexure  in  each  year,  certain  corrections  derived 
from  the  observations  for  polar  distance  are  applied  for  discordance  of  direct  and 
reflected  observations  and  for  error  of  assumed  latitude,  so  that,  in  effect,  the  results 
of  separate  years  are  essentially  independent  and  in  a  certain  sense  absolute. 

Perhaps  the  most  remarkable  feature  in  the  method  of  reduction  pursued  through¬ 
out  this  series  is  the  assumption  of  a  comparatively  sudden  change  near  the  zenith 
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in  the  correction  for  discordance  of  direct  and  reflected  observations.  This  correction 
is  assumed  to  be  constant  from  90°  to  5°  northern  zenith  distance,  and  from  5°  to  90° 
southern  zenith  distance,  different  values  of  the  correction  being  applied  according  as 
the  object  observed  is  north  or  south.  Between  the  point  5°  north  and  that  which  is 
5°  south  the  value  of  the  correction  is  interpolated.  If  we  denote  by — 

AZ  the  corrections  actually  applied  to  polar  distances  between  5°  and  90°  zenith  dis¬ 
tance  south, 

AZ'  the  corresponding  correction  for  polar  distances  between  the  limits  5°  and  90° 

zenith  distance  north, 

we  have  for  separate  years  the  following  values  of  AZ—AZ'. 


18GG 

-  ".47 

18G7 

-  ".60 

1868 

-  ". 6S 

1869 

1 

■N. 

*** 

<X 

1870  +  "31 

1871-2  [".00] 

1873  -  ".42 

1874  -  ".82 


The  difference  for  1871-2  was  actually  found  to  be  — 1".45,  but  its  improbable 
magnitude  led  to  its  rejection.  Consideration  of  the  values  of  latitude  derived  from 
the  observations  of  separate  years,  as  well  from  reflected  as  direct  observations,* 
strengthens  the  belief  that  too  much  reliance  has  been  placed  upon  the  results  of  the 
former.  In  view  of  the  precautions  which  were  taken,  the  adoption  of  a  sudden  varia¬ 
tion  in  the  correction  applicable  to  polar  distances  near  the  zenith  is  at  least  open  to 
grave  objections,  while  the  persistence  in  the  sign  of  AZ—AZ'  during  the  entire  history 
of  the  circle  thus  far,  renders  it  highly  probable  that  the  discordance  in  question  has 
been  produced  mainly  by  causes  wrhich  are  independent  of  the  instrument  itself,  and 
which  affect,  perhaps  chiefly,  if  not  entirely,  observations  by  reflection.  Moreover,  the 
final  results  of  separate  years,  as  printed,  exhibit  considerable  systematic  discordances. 

I  therefore  resolved  to  investigate  the  relative  accuracy  of  the  results  for  separate 
years,  and,  with  certain  preliminary  assumptions,  to  derive  if  possible  from  the  obser¬ 
vations  themselves  systematic  corrections,  which  should  appear  theoretically  admis¬ 
sible,  and  which  might  at  the  same  time  produce  a  tolerable  degree  of  harmony.  It 
appeared  to  me  that  this  would  be  practicable  oidy  in  the  case  of  the  earlier  years, 
there  being  after  18G8  few  observations  of  stars  at  lower  transit  or  by  reflection. 

In  1809  the  instrument  was  dismounted  and  placed  in  a  new  room  especially 
designed  for  its  use.  In  1S70  the  object-glass  was  regrouud  and  other  important 
charges  accomplished.  These  and  other  considerations  have  led  to  a  division  of  the 
entire  series  into  two  distinct  portions,  viz  : 

Wu  G8,  embracing  the  years  18G6-18G9. 

Wn  72,  years  1S70-1S74. 

Wn  G8. 

The  following  notation  is  adopted  : 

Z  —  Zenith  distance,  reckoned  from  0°  to  3G0°  in  usual  direction. 

A  Z  —  Required  constant  correction  for  a  given  year  to  direct  zenith  distances,  as 
adopted  and  corrected  fox  division  error. 

D  --  Correction  for  division  error,  taken  from  tables  §  72  of  description  of  transit 
circle,  Wn.  Ast.  Obs.,  1865. 

*  See  p.  lxxviii,  Introduction  to  Washington  Astronomical  Observations  for  1873. 
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P'  =  Polar  distance  of  American  Ephemeris.  Eor  direct  observations  counted 
from  0°  to  300°. 

A p  =  Correction  given  to  P'  by  a  single  observation  of  polar  distance  as  printed 
in  the  column  entitled  “Miscellaneous  Corrections,”  in  the  sections  enti¬ 
tled  “Observations  with  the  Transit  Circle;”  but  this  designation  is  also 
applied  to  the  same  quantity  when  corrected  for  errata  and  certain  cor¬ 
rections  required  by  some  of  the  zenith  points  of  1SG7  and  1868. 

A  Pt  =  Mean  of  n  values  of  Ap.  Does  not  include  division  correction. 

A  P  =  A  P,  +  D. 


P  and  P,  for  stars  not  in  Am.  Eph,  correspond  to  P'  +  A  P  and  P'  +  A  Pr 
F  =  Horizontal,  or  sine  flexure. 

F'  =  Zenithal,  or  cosine  flexure. 

A  ip  =  Correction  to  assumed  latitude,  —  38°  53'  3S".80. 
p  and  p'  —  Computed  refractions,  respectively  for  the  upper  and  lower  culminations  of 
a  given  star. 

(1  —  1c)  =  Factor  by  which  these  must  be  multiplied  to  bring  them  in  accordance 
with  observation  of  circumpolar  stars. 

The  true  probable  error  of  any  final  result  for  a  given  star  in  a  single 


position  of  the  circle,  is  supposed  to  be  of  the  usual  form 
where — 


e  =  Probable  error  of  a  single  pointing’,  or  that  part  of  the  error  which  dimin¬ 
ishes  according  to  the  value  of  and 

v  n 

et  =  Probable  error  for  a  single  position  of  the  instrument  when  n  is  infinite, 
e  is  supposed  to  increase  with  the  zenith  distance  according  to  the  law 
e2  =  £7/2  -f  e//;2  tan2  Z;  where 

En  —  value  of  e  when  Z  =  0 ;  and — 

£,n  =  arbitrary  constant. 

P  =  Weight,  the  probable  error  of  whose  unit  is  E. 

Whenever  it  is  necessary  to  limit  the  application  of  the  above  quantities 
to  a  particular  year  or  mode  of  observation  it  is  effected  by  adding  to  the 
expression  for  the  quantity  the  designations  GO,  G7,  G8,  G9,  or  (Dir),  (Rei), 
etc.  These  designations  are  omitted  in  many  cases  where  no  ambiguity 
can  arise  from  that  course. 

The  change  in  method  of  obtaining  zenith  point,  which  took  place  in  18G7, 
requires  an  examination  of  the  determinations  of  north  polar  distance  in  that  year,  for 
the  purpose  of  ascertaining  whether  there  is  any  constant  difference  between  the 
results  obtained  before  and  after  June  1,  when  the  change  took  place.  To  settle  this 
point,  the  direct  observations  of  70  stars  most  frequently  observed  (and  at  least  three 
times  in  each  period)  were  selected.  The  observations  previous  to  June  1  were 
grouped  in  a  single  mean,  A  P, ;  and  those  subsequent,  in  another,  A  P/r  Weights 
were  assigned  according  to  the  usual  formula:  i.  e.,  n,  being  the  number  of  observa¬ 
tions  making  up  A  P,  and  nu  the  number  of  observations  making  up  A  P/n  we  have 

'll  II 

rc  = — l — g_.  These  weights  were  taken  roughly  to  the  nearest  unit.  The  resulting 
nf  d-  nu 
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value  of  the  correction  is 

A  P,  —  A  P„  =  -  ".34  A  ".032 ;  weight  294. 

%r  =  A  ".55. 

All  the  polar  distances  subsequent  to  June  1  were  consequently  corrected  by  —  ".34, 
to  bring  them  into  systematic  accordance  with  those  values  of  Ap  obtained  previous 
to  that  date.  Where  the  number  of  determinations  for  a  given  star  is  small,  particular 
examination  of  observations  made  in  May  was  instituted,  and  such  observations  in 
that  month  as  appeared  to  depend  on  Nadirs  were  corrected.  APG1  was  then  formed 
anew,  respect  being  had  for  the  list  of  errata  (end  of  this  Appendix). 

Even  a  superficial  examination  of  the  results  for  1868  is  sufficient  to  show  that 
the  probable  error,  e63  is  much  larger  than  the  corresponding  quantity  for  any  other 
year,  and  while  it  was  found  to  be  impracticable  if  not  impossible  to  assign  all  the 
reasons  for  this,  an  examination  leaves  no  doubt  that  it  is  partly  due  to  constant  errors 
in  the  determination  of  zenith peint  correction.  Some  of  these  errors  are  quite  large, 
and  though  extreme  caution  should  be  exercised,  I  have  not  hesitated  to  apply  tbe 
more  important  corrections  which  seemed  to  be  required.  I  have  followed  a  method 
precisely  like  that  adopted  by  Professor  Newcomb  in  similar  cases  occurring  in  1866  * 
The  suspected  periods  were  quite  numerous,  but  only  those  in  the  subjoined  table 
were  adopted  for  treatment.  A  Pn  for  each  star  common  to  any  one  or  more  of  these 
nights,  was  formed  from  all  the  remaining  observations  of  the  year;  and  then  each 
compared  with  the  questionable  values  of  its  corresponding  A  p.  Thus  a  series  of 
values  A  P,  —  A  p  were  obtained  for  each  date,  and  the  mean  of  each  set  adopted  as 
the  correction  to  the  results  as  printed.  The  column  headed  “No.”  shows  the  total 
number  of  values  of  A  Pt  —  A  p,  which  are  used  to  form  the  corresponding  correction. 
The  corrections  with  reversed  signs  are  applicable  to  the  results  of  reflection  obser¬ 
vations. 


Date. 

Observer. 

Correction. 

No. 

Remarks. 

March  18 . 

11 

// 

A  1.5 

10 

Polaris  to  k  Cancri. 

September  7.. 

F 

—  1.5 

19 

October  1 . 

T 

—  2.0 

1G 

October  13.... 

F 

—  2.0 

19 

October  1G . . . . 

F 

—  1.7 

16 

November  G. .. 

E 

—  0.9 

22 

f  Cygni  to  Polaris. 

November  6 _ 

E 

—  2.  3 

11 

d  Canis  Majoris  to  a  Hydras. 

December  8. .. 

F 

-  1.2 

14* 

*  The  result  from  a  Aquilae  is  excluded. 


The  corrections  on  November  6,  taken  in  connection  with  the  corresponding 
“zenith  point  corrections,”  which  for  the  first  group  was  13".0,  and  for  the  second 
14". 3,  show  that  the  Nadir  determinations  may  indicate  a  considerable  change  in  tbe 
zenith  point  without  any  real  alteration.  The  “zenith  point  corrections”  on  November 
6,  according  to  the  above  table,  should  have  been  12".l  and  12".0  respectively,  for  tbe 
first  and  second  groups;  while  they  wrere  found  to  be  from  Nadir  observations  on 

*  Washington  Astronomical  Observations,  I860,  p.  xvii.  Introduction. 
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November  5,  11".9,  on  November  7,  13".2,  and  on  November  9,  10".G,  each  depending 
on  two  separate  observations, — those  on  November  7  being  respectively  and 

11".97. 

The  only  remaining  corrections  adopted  to  aid  in  forming  A  P  in  this  and  in  other 
years  are  for  errata ,  which  are  to  be  found  at  the  end  of  this  Appendix.  Twenty 
seven  observations  in  1SGS  which  differed  more  than  3".5  from  the  concluded  means, 
were  rejected. 

In  18GG  the  values  of  A  P  resulting  from  zenith  points  as  corrected  are  adopted. 

Probable  Error. 

Before  combining  the  results  of  separate  years,  it  is  important  to  know  their  rela¬ 
tive  weights;  especially  as  an  examination,  merely  preliminary,  shows  that  the  accu¬ 
racy  of  a  single  determination  varies  greatly  in  different  years.  In  getting  probable 
error,  the  corrected  results  were  used  in  18GG  ;  and  the  results  as  printed  and  corrected 
for  errata ,  in  subsequent  years  ;  except  that  the  rejected  observations  of  I8G8  were  not 
included.  Each  Ap  was  compared  with  its  A  P,  and  the  residuals  arranged  in  groups 
according  to  zenith  distance.  The  probable  error  e  was  supposed  to  follow  the  well- 
known  law* 

£2  =  e2//  +  e2///  tang2  Z. 

Whatever  the  theoretical  objections  to  this  formula,  they  are  nothing  in  com¬ 
parison  with  the  uncertainty  of  the  determination;  because  in  this  particular  case 
there  are  few  observations  at  great  zenith  distances.  No  distinction  is  made  between 
observations  north  or  south  of  the  zenith,  owing  to  the  considerable  number  of  bisec¬ 
tions  taken  at  each  pointing;  and  these,  for  northern  stars  frequently  observed,  are 
more  numerous  on  the  average  than  for  the  southern  ;  so  that  the  greater  accuracy  in 
a  single  bisection  of  an  equatorial  star  is  in  this  way  assumed  to  give  no  marked 
advantage.  In  1866  and  18G7,  stars  observed  twenty  times  or  more  were  used,  except 
at  zenith  distances  greater  than  55°,  where  the  minimum  was  reduced  to  7  observa¬ 
tions  of  the  same  star.  In  the  two  succeeding  years  the  minimum  for  zenith  distances 
less  than  60°  is  10.  The  results  follow: — 


1866. 


Group. 

Mean  Z 

No.  resid¬ 
uals. 

Observed  e 

e  from 
formula. 

o 

// 

// 

1 

6 

210 

4 

.54 

4 

.57 

2 

20 

202 

4 

.52 

4 

.57 

3 

28 

194 

4 

.58 

4 

.58 

4 

43 

212 

4 

.63 

4 

.60 

5 

51 

251 

4 

.71 

4 

.63 

6 

58 

201 

4 

.65 

4 

.67 

1867 

1 

10 

226 

4 

.51 

4 

.51 

2 

25 

232 

4 

.55 

4 

.52 

3 

49 

205 

4 

.53 

4 

.55 

4 

53 

127 

4 

.60 

4 

.57 

5 

59 

85 

4 

.54 

4 

.59 

6 

69 

31 

4 

.74 

4 

.71 

*  Vide  Laugier’s  Memoir;  Kaiser,  Second  Volume  Leiden  Observations,  etc. 
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18G8. 


Group. 

Mean  Z 

No.  resid¬ 
uals. 

Observed  e 

e  from 
formula. 

o 

// 

// 

1 

8 

109 

t  .86 

±  .76 

D 

21 

229 

-  .71 

±  -76 

a 

32 

295 

_ 

-  .76 

±  -77 

4 

50 

343 

-  .  77 

rt  -79 

5 

50 

79 

-  .72 

±  •  81 

G 

65 

83 

-  .60 

4  .86 

7 

72 

45 

1-1.00 

4  .96 

Two  hundred  and  eighty-seven  residuals  of  stars  most  frequently  observed  in  1SG9 
give  e  =  ±  .G7. 

One  hundred  and  sixty-five  residuals  of  stars  most  frequently  observed  by  reflec¬ 
tion  in  1867  give  e  —  ±  ".50. 

The  following  formulae  were  adopted  for  the  respective  years : 


I860 

e2  =  ".323 

+  ".0450 

tang2# 

18G7 

e2  =  ".261 

+  ".0333 

tang2/? 

1868 

e2  =  ".578 

+  (".0333) 

taug2Z 

1869 

e2  =  (".455)  -f-  (".0415)  tang 2Z 

For  18GS  the  factor  multiplied  by  tang2Z  was  assumed  equal  to  that  found  by 
experiment  in  18G7 ;  the  result  for  1808  being  of  extremely  small  weight. 

For  18G9  the  formula  found  from  the  observations  of  Wn  1870-1873  was  adopted 
as  being  a  close  approximation. 

With  the  arguments  Z  and  year,  we  have  the  following  table  of — 

Values  of  e 


0° 

20° 

30° 

40° 

50° 

55° 

60° 

65° 

70° 

75° 

1/ 

// 

// 

// 

// 

// 

// 

// 

// 

ff 

1866 

.57 

.57 

.58 

.60 

.62 

.64 

.68 

.73 

.81 

.97 

1867* 

.51 

.52 

.52 

.53 

.55 

.57 

.60 

.64 

.72 

.85 

1868 

.76 

.76 

.  77 

.78 

.79 

.80 

.82 

.86 

.91 

1.02 

1869 

.68 

.68 

.68 

.70 

.72 

.74 

.76 

.80 

.88 

1.02 

The  value  of  e,  must  be  determined  from  a  comparison  of  observations  in  different 
positions  of  the  circle. 

It  will  now  be  assumed  that  the  systematic  corrections  required  by  the  adopted 
values  of  A  P,  are:  a,  a  correction  D  for  division  error.  This  has  been  taken  from 
tables  in  §  72  of  the  description  of  the  transit  circle,  Washington  Observations  for 
1865. 

b ,  a  constant  correction,  —  A  Z,  to  all  of  the  zenith  points  of  a  given  year.  The 
correction  to  A  P  will  be  +  A  Z. 

*  The  value  of  eOT  at  50 °Z  agrees  precisely  with  that  found  in  another  way  (see  p.  47).  The  value 
there  found  corresponds  to  a  zenith  distance  of  about  40°. 
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c,  a  correction  for  flexure,  arbitrarily  assumed  to  be  of  the  form  F  sin  Z  +  F1  cos  Z. 

d ,  a  correction,  —  J  $?,  to  A  P  (1S66-1SG9)  for  error  in  the  assumed  latitude,  3S°  53' 
38".S0. 

These  corrections  are  of  the  forms  usually  adopted,  and  seem  to  require  no  ex¬ 
planation  on  theoretical  grounds. 

Accepting  these,  the  final  polar  distance  by  direct  observation  will  be — 

P'  p d  P/  |  +  I>  +  3  ^  +  Esin  Z  +  F'  cos Z  —  A  <p 

Of  these  corrections  J  Z  will  vary  with  the  year;  A  y  will  be  constant;  and  D,  F 
and  F1  will  depend  upon  the  reading  of  the  circle  used. 

Values  of  A  Z,  F  and  F'. 

During  the  years  18G7  and  1868  circle  B  was  used.  It  was  reversed  at  the  begin¬ 
ning  of  18G8,  but  was  not  shifted  relatively  to  the  telescope.  In  each  year  there  is 
a  considerable  number  of  reflection  observations,  both  north  and  south.  The  neces¬ 
sary  conditions  are  thus  established  for  ascertaining  the  quantities  AZ G7,  AZ  G8,  F 
and  F'.  F  and  F'  have  been  already  investigated  as  stated  above*  (p.  44);  but  that 
portion  of  F1  which  depends  upon  the  flexure  of  the  telescope  could  only  be  roughly 
inferred,  and  was  taken  as  .00.  So  far  as  this  assumption  is  supported  by  the  present 
investigation,  it  will  be  found  to  be  substantially  correct.  However  the  discordance 
between  the  direct  and  reflected  observations  of  these  and  other  years  may  originate, 
if  one  of  the  possible  causes  of  error  is  known,  and  if  the  form  of  the  differences  can 
be  reconciled,  within  a  fair  degree  of  probability,  to  represent  the  effect  of  that  cause, 
we  are  bound  to  accept  the  latter,  provisionally,  as  the  most  probable,  or  at  least  as  an 
important  source  of  the  difficulty.  If  other  means  of  measuring  the  effect  of  the  known 
disturbing  agency  exist  and  have  been  employed,  the  question  then  relates  to  the  weight 
of  each  determination  or  method,  and,  except  for  considerations  of  expediency,  neither 
should  be  adopted  to  the  exclusion  of  others,  unless  there  is  great  disparity  of 
weights. 

It  is  a  priori  possible  that  the  whole  or  a  part  of  the  discordance  in  question  may 
be  produced  by  flexure.  The  horizontal  flexure  (F)  has  been  measured  by  opposing 
collimators  and  also  by  the  aid  of  leveled  collimators,  in  the  manner  detailed  in  the 
Washington  volume  for  18G5.f  The  definitive  result  was  taken  from  the  former  method. 
The  values  given  by  leveled  collimators,  for  reasons  stated,  are  justly  regarded  as  of 
little  weight,  though  it  will  be  seen  that  their  mean  is  very  near  the  mean  finally 
adopted  in  this  discussion.  Professor  Newcomb  considers  the  flexure  of  the  circles  and 
of  the  telescope  separately.  The  former  was  ascertained  by  a  method  of  comparing 
simultaneous  readings  of  the  two  circles,  combined  with  a  systematic  rotation  in  their 
relative  positions.  The  flexure  of  the  telescope  in  the  horizontal  position  was  deter¬ 
mined  by  subtracting  from  the  value  of  F,  found  by  opposing  collimators,  that  pre¬ 
viously  found  for  the  circle  read  in  the  observation.  A  rough  check  on  the  zenithal 
flexure  of  telescope  was  obtained  in  an  analogous  manner  by  the  aid  of  nadir  observa¬ 
tions  combined  with  readings  on  leveled  collimators.  The  result  is  confessedly  of  small 

'Washington  Astronomical  Observations  for  1866,  Appendix  I,  §  60  to  $  67. 

t  §  (65)  App.  I.,  Wn,  Obs.,  1865. 
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weight.  Many  of  the  determinations  by  opposing  collimators  were  known  to  be  influ¬ 
enced  by  temperature  in  the  room  varying  at  different  altitudes,  and  such  were  rejected. 
It  is  not  altogether  improbable  that  the  measures  accepted  may  have  been  affected 
injuriously  by  the  same  cause,  though  in  a  smaller  degree.  They  are  also  liable  to 
error  from  other  causes,  among  which  may  be  mentioned  personal  error,  and  the  error 
possibly  arising  from  the  small  aperture  of  the  collimators.*  It  would  be  difficult  to 
estimate  the  probable  error  in  the  determination  of  F  and  F' ;  but  perhaps  enough  has 
been  said  to  show  that  a  considerable  correction  to  the  adopted  values  is  not  altogether 
inadmissible. 

The  reflection-observations  of  1807  and  1868  will  first  be  examined  to  ascertain 
whether  the  differences  A  P  (Ref)  —  A  P\  will  tolerate  the  supposition  that  they  are 
caused  wholly  or  mainly  by  a  constant  error  in  adopted  zenith  point  combined  with  an 
error  in  the  assumed  coefficient  of  sin  Z  in  the  formula  for  flexure.  And  for  the  purpose 
of  assigning  proper  weights  to  A  P(Ref)  —  A  P  in  each  case  e,  will  be  ascertained  by 
approximation.  In  1807  there  are  a  few  observations  of  “miscellaneous  stars”  by 
reflection,  and  as  these  are  situated  almost  exclusively  near  the  zenith  they  will  afford 
additional  evidence  as  to  the  character  of  the  change  near  the  zenith  in  the  value  of 
A  P(Ref )  —  A  P.  The  following  table  exhibits  the  results  from  these  stars  arranged 
in  order  of  zenith  distance  of  stars  observed  directly,  zenith  distances  being  counted 
from  0°  to  300°.  The  first  column  gives  the  name  of  the  star;  the  second  is  P  cor¬ 
rected  wherever  necessary  by  —  ".34,  to  reduce  to  adopted  zenith  points;  the  third 
is  seconds  of  P  (Ref),  reckoned  from  reflected  pole  through  nadir,  etc. ;  the  fourth 
gives  the  number  of  observations  respectively  for  P  and  P  (Ref),  separated  by  a 
hyphen ;  the  fifth  shows  the  respective  weights  on  the  unit  whose  probable  error  is 
1".00.  These  weights  are  deduced  on  the  supposition  that  the  value  of  e,  is  ±  ".25. 
The  sixth  column  shows  the  values  of  P(Ref)  —  P,  and  the  last  column  shows  the 
values  of  Z. 


Name. 

1 

■> 

P(Ref) 

Ohs. 

7T' 

P  ( Ref )  —  P 

Z 

o 

1 

// 

// 

o 

B.  A.  C.  1144 . 

24 

52 

46.  60 

46. 16 

2-1 

2 

— 

.44 

334 

b 

Ursao  Majoris . 

27 

33 

15.  02 

13.48 

1-1 

1.5 

— 

1.  54 

337 

Ursa)  Majoris . 

32 

55 

18.  32 

16.  99 

2-2 

2.  5 

— 

1.33 

342 

at 

Ursse  Majoris . 

33 

59 

05.  38 

05.  73 

2-1 

2 

+ 

.35 

343 

21 

Ursse  Majoris . 

35 

25 

36.  07 

36.  85 

2-1 

2 

+ 

.78 

344 

1 

Can.  Yen . 

35 

50 

31. 17 

30.  97 

3-1 

2 

.20 

345 

51 

Draconis . 

36 

48 

07.  39 

08.  28 

2-1 

2 

+ 

.89 

346 

0 

Aurig® . 

40 

14 

03. 10 

02.  81 

2-1 

2 

.29 

349 

X 

Urs®  Majoris. _ 

41 

29 

61.03 

58.57 

1-2 

2 

— 

2.  46 

350 

z 

Iierculis . 

41 

34 

11.07 

11.36 

4-1 

2 

+ 

.29 

350 

Recapitulation  (stars  north  of  zenith) . 

20 

-  .  39  ±  . 23 

344 

*  The  aperture  of  the  collimators  is  only  2J  inches,  while  that  of  the  telescope  is  8.5  inches. 
fAP=AP,  +D. 
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Name. 

P 

P(Ref) 

Obs. 

7T/ 

P(Ref) 

Z 

o 

/ 

// 

h 

O 

13.  A.  C.  4962 . 

62 

24 

32.  79 

33. 74 

2-1 

2 

+ 

.95 

u 

13.  A.  C.  4809 . 

62 

44 

46. 97 

47.64 

2-1 

2 

+ 

.67 

12 

y 

Cor.  Borealis . 

63 

17 

29.45 

28. 28 

2-1 

2 

1.17 

12 

d 

Bootia  . 

64 

17 

29. 63 

29. 70 

3-1 

2 

4- 

.07 

13 

(it 

LeoDis . 

65 

58 

27.14 

28.  04 

3-1 

2 

+ 

.90 

15 

26 

Bootis . 

67 

19 

60. 39 

59.  80 

2-1 

2 

.59 

16 

B.  A.  C.  1970  . 

67 

47 

30.  42 

31.71 

2-1 

2 

+ 

1.29 

17 

B.  A.  C.  2788 . 

68 

50 

40.27 

40.13 

2-1 

2 

.  14 

18 

c 

Tauri . 

68 

56 

22. 20 

22.  83 

2-1 

2 

+ 

.63 

18 

B.  A.  C.  5620 . 

74 

00 

47. 13 

46. 32 

2-1 

2 

.81 

23 

30 

Gemiuorum . 

76 

38 

37.05 

36.  77 

2-1 

2 

— 

.28 

25 

L 

Ophiuchi . 

79 

37 

07. 15 

07.  43 

2-1 

2 

+ 

.28 

28 

Recapitulation  (stars  south  of  zenith) . 

24 

+ 

. 15  ±  .  14 

17 

The  probable  errors  are  deduced  from  the  actual  residuals;  had  they  been  esti¬ 
mated  from  2  it'  iu  each  case,  they  would  have  been  ±  ".22  and  ±  ".20,  respectively,  for 
the  northern  and  southern  groups.  At  about  18°  zenith  distance  on  each  side  there 
are  gaps  without  stars  observed,  more  than  5°  wide  in  each  instance.  Taking  only  the 
stars  nearest  the  zenith,  we  have: — 


7 r 

P  (Ref)  —  P 

Z 

Northern  stars . , . 

16.5 

14.5 

18 

// 

—  .27 
+  .03 

4-  .15 

o 

346 

345] 

15 

[Same,  excluding  x  Ursse  Majoris. 

Southern  stars . 

The  evidence  in  favor  of  an  abnormal  change  appears  to  be  wanting.  The  result 
has,  however,  but  small  weight.  Collecting  now  all  the  material  which  exists  in  1867 
and  1868  for  determining  A  Z61,  AZ.6S,  and  F ,  and  collecting  the  values  of  zfP  (Ref) 
—  AP  into  groups,  including  iu  each  group  a  zone  nearly  5°  wide,  we  have  the  fol¬ 
lowing  tables : — 

1S67. 


No. 

Mean  Z 

A  P(Ref) 
+  ".16 

—  AP 
sin  Z 

7T7 

I. 

II. 

III. 

o 

// 

// 

// 

n 

(1) 

309 

-  , 

54 

15 

— 

.49 

— 

.  13 

+ 

11 

(2) 

315 

-  . 

87 

17 

— 

.05 

+ 

.21 

+ 

50 

(3) 

323 

-  . 

77 

31 

00 

4- 

.  12 

4- 

48 

(4) 

329 

-  . 

66 

34 

+ 

.02 

4- 

.02 

4- 

43 

(5) 

334 

-  . 

56 

31 

4- 

.03 

— 

.07 

+ 

39 

(6) 

345 

-  . 

29 

28 

4- 

.03 

— 

.32 

4- 

26 

(U 

350 

-  . 

81 

22 

+ 

.67 

+ 

.21 

+ 

84 

(8) 

12 

4-  • 

58 

40 

— 

.15 

+ 

.23 

_ 

26 

(0) 

18 

+  • 

48 

28 

4- 

.10 

4- 

.  35 

— 

08 

(10) 

25 

+  • 

49 

50 

4- 

.  25 

4- 

.35 

00 

(11) 

32 

4-1. 

01 

46 

— 

.  11 

.16 

— 

44 

(12) 

38 

+  !• 

65 

15 

— 

.61 

— 

.79 

— 1 

02 

(13) 

46 

+1* 

49 

30 

— 

.42 

— 

.61 

— 

78 

(14) 

49 

+ 

78 

18 

+ 

.44 

+ 

.  10 

— 

05 

(15) 

53 

+i 

13 

6 

+ 

.  17 

' 

.24 

— 

36 

[53] 
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The  correction  +//.1G  sin  X,  in  column  /IP(Ref')  —  A  P,  is  the  reduction  for  differ¬ 
ence  of  latitudes  of  instrument  and  reflecting  surface  in  reflection  observations.  The 
weight,  7 1',  supposes  ±  1".00  as  the  probable  error  of  the  unit.  By  successive  trials  it 
was  found  that,  taking  e,  =  4  ". 25 ,  the  assumed  and  concluded  probable  errors  of  unit  of 
weight  in  1SG8  were  exactly  alike;  and  the  latter  for  1SG7  was  4  1".07,  while  from 
the  assumption  it  should  have  been  4  1".00.  The  approximation  is  considered  quite 
sufficient,  especially  when  it  is  remembered  that  there  is  great  uncertainty  in  the  appli¬ 
cation  of  the  law  adopted  to  represent  /IP(Ref)  —  A  P.  We  therefore  have  for  any 
given  number  ( n )  of  observations  the  weight 

,  1.00 
n  ^2 
.0625  4  - 
n 

The  table  gives 


Values  of  rJ  with  arguments  s  and  n. 


E  =  ±  1.00  e,  =  ±.25 


n 

e  =  ".52 

".54 

".60 

".70 

".80 

'  .90 

1".00 

i 

3.0 

2.8 

2.4 

1.8 

1.4 

1. 1 

.9 

2 

5.2 

4.8 

4. 1 

3.2 

2.6 

2.1 

1.8 

3 

6.(5 

6.3 

5.5 

4.  4 

3.6 

3.0 

2.6 

4 

7.7 

7.4 

6.6 

5.4 

4.5 

3.8 

3.2 

5 

8.6 

8.3 

7.4 

6.2 

5.3 

4.5 

3.8 

6 

9.3 

9.0 

8.2 

6.9 

5.9 

5.1 

4.4 

7 

9.9 

9.6 

8.8 

7.5 

6.5 

5.6 

4.9 

8 

10.4 

10.1 

9.3 

8. 1 

7.0 

6.1 

5.3 

9 

10.8 

10.5 

9.8 

8.6 

7.5 

6.6 

5.8 

10 

11.2 

10.9 

10.2 

9.0 

7.9 

7.0 

6.2 

15 

12.4 

12.2 

11.7 

10.5 

9.5 

8.6 

7.7 

20 

13.2 

13.0 

12.4 

11.5 

10.6 

9.7 

8.9 

25 

13.6 

13.5 

13.0 

12.2 

11.4 

10.6 

9.8 

30 

14  0 

13.9 

13.4 

12.  7 

11.9 

35 

14  2 

14  1 

13.7 

13. 1 

40 

14  4 

14.  3 

14.  0 

13.  4 

50 

14.7 

14.6 

14.3 

13.8 

These  can  easily  be  converted  into  any  other  scale  whose  standard  probable 
error  is  e,  by  means  of  the  factor  _.  The  value  of  e  is  found  on  p.  49.  The  weight 

4  X  1  (Ref-)  js  taken  to  the  nearest  unit. 

4  (Dir.)  44  (Ref.) 

Recurring  again  to  the  table  of  comparisons,  A  P  (Ref)  —  A  P,  (1867),  the  numbers 
in  column  headed  I.  are  the  residuals  (calc.  —  obs.),  which  result  from  the  employment 
of  the  following  values  deduced  directly  from  the  observations  of  1867,  assuming  that 
the  differences  A  P  (Ref)  —  A  P  are  due  to  constant  error  and  flexure. 


AZ—  4  ".06  4  ".027 
F—  4  ".74  ±  "052. 

The  column  marked  II.  is  constructed  on  the  supposition:— 


AZ'or  AZ"  = 


JP(Ref.)  —  AP 


4  ".06  sin  Z\ 
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i.  e .,  assuming  AZ  to  be  different  for  northern  and  southern  stars,  and  excluding  the 
supposed  flexure,  except  that  of  +  ".06  deduced  from  opposing  collimators.  We  have 
for  northern  stars,  AZ'  —  —  ".29;  for  southern  stars,  AZ"  —  +  ".40. 

Professor  Newcomb  found*: — 

AZ'  —  —  ".45  AZ"  =  +  ".  15. 

The  difference  is  mainly  the  effect  of  the  correction  —  ".34  to  reduce  systematically 
to  zenith  points  derived  from  collimators.  Iu  the  first  solution  the  small  value  of  AZ 
shows  that  the  zenith  points  thus  derived  are  practically  free  from  constant  error. 

While  the  numbers  in  column  I.  do  not  show  that  agreement  of  fact  with  hypoth¬ 
esis,  which  is  desirable,  they  ought  to  have  some  preference  over  those  of  column  II., 
especially  when  we  consider  that  the  manner  of  using  the  corrections  AZ'  and  A Z" ,  is 
at  least  highly  questionable  on  a  priori  grounds.  It  maybe  noted  that  of  the  eight 
comparisons  making  up  line  (7),  we  have: — 


Stars. 

Z 

AP  (Ref.)  —  A  P, 
etc. 

Tz' 

I. 

O 

// 

// 

1st 

4 

349 

—  1.51 

13 

+  1.3 

2d 

4 

352 

+  .22 

9 

—  .4 

Whatever  the  source  of  these  anomalies  it  is  undoubtedly  quite  irregular  in  its 
action,  and  is  suggested  with  some  probability  by  Faye’s  hypothesis!  as  to  columns 
of  heated  air  in  the  observing-room,  which  may  principally  or  solely  affect  observations 
by  reflection. 

Explanation  of  column  III.  will  follow  later,  (p.  57). 

We  have  a  similar  table  for  1868: — 


No. 

Mean  Z 

AP(Ref.)  —  AP 
+  .16  sin  Z 

Tz' 

I. 

ir. 

III. 

o 

// 

// 

// 

// 

(16) 

308 

—  .72 

6 

1.01 

— 

.69 

— 

.46 

(17) 

316 

—  .70 

3 

— 

.83 

— 

.69 

— 

.41 

(18) 

323 

—1.03 

14 

— 

.39 

— 

.34 

— 

.01 

(19) 

328 

—1.75 

20 

+ 

.42 

+ 

.40 

+ 

.  77 

(20) 

335 

—1.  40 

13 

.20 

+ 

.06 

+ 

.49 

(21) 

345 

—1. 14 

10 

+ 

.  13 

.  16 

.37 

(22) 

351 

— 1.  30 

16 

+ 

.43 

+ 

.02 

+ 

.61 

(23) 

It 

+  .28 

16 

_ 

.74 

_ 

.27 

_ 

.71 

(24) 

18 

+  .23 

20 

— 

.  55 

— 

.22 

— 

.57 

(25) 

24 

—  .07 

21 

— 

.28 

+ 

.  to 

— 

.21 

(26) 

28 

—  .  10 

23 

— 

.03 

+ 

.  15 

— 

.  13 

(27) 

33 

—  .51 

23 

.47 

+ 

.58 

+ 

.35 

(28) 

39 

00 

11 

+ 

.03 

+ 

.09 

.10 

(29) 

48 

+  .54 

16 

.34 

.43 

— 

.55 

*  P.  xix,  Int.  Wash.  Ast.  Obs.,  1867. 
t  Faye,  Comptes  Eendus,  xxi. 
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The  explanations  under  1807  apply.  Wc  have  for  I. : — 

A  Z  =  -  ".35  +  "035 
F  =  +  ".GO  +  ".070 
For  II. :  A  Z'=—  ".02  and  A  Z"  =  -  ".02. 

The  difference  between  these  numbers  and  those  deduced  by  Newcomb,*  AZ'=  —  ".78  and 
A  Z"  —  —".10,  is  probably  due  to  the  changes  in  some  of  the  zenith  points  (see  p.  47,) 
and  in  the  changes  and  additions  produced  by  errata.  There  is  apparently  not  much  to 
choose  between  I.  and  II.  I  shall,  therefore,  proceed  on  the  hypothesis  that  a  portion 
of  the  discordance  in  question  is  due  to  atmospheric,  or  causes  other  than  flexure 
depending  on  sin  Z.  Furthermore,  the  method  of  obtaining  value  of  F  by  comparison 
of  direct  and  reflected  observations  of  Z  will  be  considered  as  of  equal  weight  with  the 
method  which  employs  opposing  collimators.  If  we  take  the  mean  by  weights  of  the 
two  values  of  F,  deduced  from  observations  of  1807  and  1808,  we  have  +".09,  which 
gives  as  the  mean  by  the  two  methods  :— 

P  =  +  ".37. 

The  observations  of  1809  are  too  few  to  afford  a  practical  contribution  to  this  result, 
and  those  of  1800  were  deduced  with  a  different  circle. 

By  comparison  of  A  P  68  —  AP  07  we  shall  have  an  excellent  determination  of  the 
quantities  F'  (or  entire  cosine  flexure)  and  A  ZGS  —  A  Z67.  To  obtain  most  probable 
values  of  F,  F',A  Z 07  and  A  Z 68,  it  will  be  best  to  comprise  in  one  set  of  conditional 
equations  all  determinations  which  contribute  to  a  knowledge  of  either  of  the  required 
quantities,  so  that  each  may  exert  its  proper  influence  upon  all  others.  Each  compar¬ 
ison  JPG8~2P67  furnishes  an  equation  of  the  form  A  Z67  —  A  ZG3  +  2  F'  cos  Z  — 
JPGS  — dP  67,  for  direct  observations,  and  A  Z67  —  A  ZGS  +  2  F‘  cos  Z—  —  A  P08  + 
A  P07  for  reflected  observations.  The  results  of  1867  and  1868  furnish  247t  such  equa¬ 
tions  of  the  total  weight  908.  Arranging  them  in  the  order  of  zenith  distance  in  zones 
about  5°  in  width,  we  have  3S  means  or  groups : — 


1SG8-1867. 


No. 

Mean  Z 

AP  68  —  AP  67 
or  AP  67  (Ref.) 
—  AP68(Ref.) 

III. 

(30) 

o 

288 

// 

—  .40 

11 

// 

+  .42 

(31) 

'294 

—  .57 

22 

+  -47 

(32) 

306 

—  .50 

22 

+  .20 

(33) 

311 

—  .33 

23 

-  .04 

(34) 

316 

—  1.29 

9 

+  .84 

(35) 

323 

—  .86 

30 

+  .32 

(36) 

328 

—  .60 

34 

00  1 

(37) 

332 

—  .56 

19 

—  .08  i 

(38) 

337 

+  .01 

10 

—  .69 

(39) 

345 

—  .88 

16 

”f-  .15 

(40) 

£51 

—  .45 

22 

—  .31 

(41) 

360 

—  .  19 

33 

—  .58 

*  P.  xx,  Int.  Wash.  Ast.  Obs.,  1868. 

t  The  comparisons  of  a  Cassiop.,  S.  P.,  and  a  Cephei,  S.  P.,  are  rejected  as  of  small  weight. 
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186S-1867 — Continued. 


No. 

Mean  Z 

A  P  68  — A  P  67 
or  AP67  (Ref.) 
—  A r  68  Ref.) 

ir1 

III. 

o 

// 

// 

(42) 

7 

—  .86 

22 

+ 

.  10 

(43) 

n 

—  1. 17 

40 

+ 

.42 

(44) 

17 

—  .83 

44 

+ 

.  11 

(45) 

21 

—  .  8(5 

26 

+ 

.  17 

(4(3) 

24 

—  .71 

50 

+ 

.04 

(47) 

29 

—  .89 

60 

4* 

.26 

(48) 

33 

—  .42 

72 

.16 

(49) 

40 

—  .06 

43 

— 

.44 

(50) 

47 

—  .42 

65 

+ 

.02 

(51) 

53 

—  .  55 

24 

+ 

.24 

(52) 

59 

+  .58 

23 

.79 

(53) 

64 

—  .05 

16 

— 

.08 

(54) 

69 

+  .  92 

7 

— 

.96 

(55) 

231 

+  .66 

6 

+ 

.44 

(56) 

224 

+  .04 

3 

+ 

1. 17 

(57) 

217 

+  1.41 

18 

.12 

(58) 

210 

+  1.82 

14 

— 

.46 

(59) 

205 

+  1.31 

17 

+ 

.  10 

(60) 

195 

+  1.63 

10 

.15 

(61) 

189 

+  1.21 

12 

+ 

.29 

(62) 

168 

+  1. 13 

13 

+ 

.  3(5 

(63) 

161 

+  1.22 

12 

+ 

.24 

(64) 

155 

+  1.34 

20 

+ 

.08 

(65) 

148 

+  1.86 

21 

.52 

(66) 

140 

+  1.10 

6 

+ 

.  15 

(67) 

132 

+  1.21 

13 

— 

.07 

Finally  we  have  from  opposing  collimators  : — 

F  tJ  " 

(GS)  +".06  020  +.32; 

where  iz'  is  determined  a  posteriori  in  such  a  manner  that  it  shall  be  equal  to  one-half 
the  weight  of  F  in  the  solution  of  normal  equations. 

Representing  by  —  n,  for  convenience,  the  numbers  in  third  column  (in  the  three 
tables),  we  have  the  forms: — 


(18G7)  \2AZG1  +  2F  sin  Z+n  =  Q\V*' 

(1868)  {2AZ63  +  2  F  sin  Z+n  =  o\v-' 

(1868-1867)  \  AZG  7  -  A  Z  G§  +  2  F'  sin  Z+n  =  0\  J-' 

[F  —  ".06  =  0 }  V  620 


The  solution  of  numerical  equations  formed  in  accordance  with  the  above,  leads  to 
these  normal  equations. 

n 


2552.0  A  Z  67  -  908.0  A  Z  68  +  904.6  F'  +  100.0 

-  908.0  +  1756.0  -  904.6  +  94.2 

+  904.6  —  904.6  +  2493.9 

+  100.0  +  94.2  +  1255.5 

The  solution  gives, —  A  Z  67  =  +  +082  ±  +024 

A  Z  68  =  -  +290  +  +030 
F'  =  -  +571  ±  +024 
F  =  +  +381  [±  +030  j 
F=  +  1+07 


F+  5.71  =  0 
+  31.59  =  0 

+  1088.08  =  0 
—  459.40  =  0 
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It  is  hardly  necessary  to  remark  that  the  probable  error  as  applied  to  F  has  no 
signilicance ;  but  if  we  admit  that  the  anomalous  conditions  affecting  A  P(Ref)  —  A  P 
acted  with  tolerable  uniformity  in  1SG7  and  1SG8,  then  the  probable  error  of  the  value 
of  F'  is  quite  real.  The  value  of  E  is  unfavorably  influenced  by  the  introduction  of 
equation  (GS).  Using  (as  in  other  cases)  the  separate  residuals  making  up  groups  (30) 
to  (54)  inclusive,  we  have 

E=±  ".994; 

and  from  groups  (55)  to  (67)  inclusive 


E  =  4  1".031. 

The  agreement  of  E  with  assumed  value  is  all  that  could  be  desired. 

The  numbers  in  column  III.  are  the  residuals  arising  from  the  adoption  of  the 
above  values  in  the  individual  equations.  From  groups  (30)  to  (G7)  there  are  no 
evidences  of  large  outstanding  errors  of  a  systematic  nature ;  nor,  with  one  or  two 
exceptions,  of  residuals  larger  than  should  be  expected  from  the  weights.  Small  errors 
in  the  division  correction  doubtless  exist,  and  it  is  to  me  matter  of  surprise  that  these 
groups  are  so  well  represented  by  the  simple  law  assumed.  So  much  cannot  be  said 
of  the  first  29  groups,  The  outstanding  residuals  in  column  III.  may  be  attributed  to 
atmospheric  disturbances,  to  error  in  assumed  value  of  F,  and  to  other  possible 
causes,  whose  existence  is  not  clearly  defined. 

It  will  be  assumed  that  the  difficulty  is  mainly  with  the  reflection  observation ; 
and  these  will  accordingly  be  excluded  from  all  further  participation  in  the  definitive 
results  for  1S67  and  18G8.  Assuming  the  correctness  of  F,  the  value  of  A  Z  69  will  be 
deduced  from  the  comparison  of  direct  and  reflected  observations  of  18G9,  given  on 
p.  xxiii,  Int.  Wash.  Ast.  Obs.  Reversing  the  signs  in  column  “D  —  R”,  correcting 
by  —  .04  sin  Z,  and  taking  one-half  the  mean  by  weights  of  the  outstanding  residuals, 
we  have: — 

A  Z  G9  =  +  ".44  ±  "06. 

The  circle  was  shifted  at  the  beginning  of  the  year  30'  relatively  to  the  telescope. 
In  computing  flexure,  no  account  was  taken  of  this  circumstance. 

The  observations  of  1805  afford  no  opportunity  for  independent  determination  of 
the  cosine  flexure  of  the  circle  used  .  A  Z  GG  and  the  sine  flexure  (F)  were  found  by 
Professor  Newcomb  from  comparison  of  direct  and  reflected  observations.*  The 
values  were — 

A  Z  66  =  —  ".72 
F63  =  -".78 

The  result  of  the  investigation  for  F  66  in  the  volume  for  1865  is  —  1".12  ;  and  this  was 
adopted  in  the  reductions.  I  have  adopted  the  mean  of  the  two  results 


F  66  =  -  ".95 

The  mean  by  weights  of  A  P  67  and  A  P  68  corrected  for  A  Z,  F  and  F'  was  then  taken 
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as  standard,  with  which  A  P  CG,  corrected  by  —  ".72  —  ".95  sin  Z  was  compared. 
Arranged  in  convenient  groups  the  results  are  these: — 


Group. 

Mean  Z 

A  P  ^  | (corrected) 

—  A  P  66  (corrected). 

7T/ 

Calc. —  obs. 

o 

// 

// 

(1) 

293 

—  .  14 

24 

+  .06 

(2) 

307 

—  .07 

32 

—  .03 

(3) 

312 

+  .12 

44 

—  .22 

(U 

325 

+  .02 

70 

—  .  13 

(5) 

334 

—  .25 

35 

+  .14 

(6) 

349 

—  .02 

50 

—  .  10 

(7) 

2 

—  .  25 

67 

+  .  13 

(8) 

13 

+  .02 

112 

—  .14 

(9) 

23 

—  .03 

150 

—  .09 

(10) 

32 

+  .01 

166 

—  .  12 

(11) 

44 

—  .35 

150 

+  .25 

(12) 

55 

—  .37 

62 

+  .28 

(13) 

65 

—  .38 

42 

+  .29 

(14) 

228 

_  ,22 

21 

+  .20 

(15) 

214 

+  .19 

37 

—  .20 

(1G) 

206 

+  .15 

28 

—  .16 

(17) 

192 

+  .10 

35 

—  .10 

(18) 

165 

—  .37 

30 

+  .37 

(19) 

153 

+  .20 

38 

—  .21 

(20) 

140 

.00 

14 

—  .01 

(21) 

132 

—  .02 

22 

00 

The  results  from  (14)  to  (21)  are  from  reflection  observations.  The  numbers  in 
third  column  are  too  small  and  too  irregular  to  exhibit  any  decided  preference  for  a 
given  law.  It  will  be  assumed  that  the  above  value  of  A  Z GO  requires  correction,  and 
that  a  term  should  be  introduced  for  cosine  flexure.  I  have  found  : — 


-  "06  [  ±  .04]  -  ".0G  [±  .04]  cos  Z. 

The  residuals  in  the  last  column  are,  on  the  whole,  very  satisfactory.  Those  in 
(11),  (12),  and  (13),  however,  show  a  slight  tendency  to  deviation  from  the  assumed 
law.  We  have  arrived  at  the  following  corrections  to  JP,  which  are  adopted. 


//  //  // 

1SGG.  —  .78  —  ,95  sin  Z  —  .06  cos  Z 

18G7.  +  .08  +  .38  sin  £  -  .57  cos  £  +  1  IrreS.ular  correctio11  for  error  of  zenith 

^  ^  W  points. 

18G8.  —  .29  +  .3 i  sin  Z  +  .57  cos  Z  +  j Irregular  corrections.] 

18G9.  +.44  +  .38  sin  Z  -  .57  cos  Z 


or  more  conveniently : 

18GG. 
(A)  1807. 

1868. 
18G9. 


-  .78  -  .95  sin  |  312.5  +  P] 

+  .08  +  .69  siu  j  252. G  +  P  ]  +  etc. 

-  .29  +  .69  siu  |  5.2  +  P ]  +  etc. 

+  .44  +  .69  siu  j  252.6  +  P  ] 


These  corrections  are  applicable  to  polar  distances  from  direct  observation. 
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Latitude  and  Refraction. 

In  this  series  of  observations,  there  is  no  material  for  examining  the  correctness 
of  the  adopted  temperature  coefficient  of  atmospheric  expansion.  Owing  to  the  low 
elevation  of  the  pole  and  the  deficiency  of  observations  at  low  altitudes  of  stars  at 
lower  transit,  the  determination  of  an  independent  constant  of  refraction  is  likewise 
out  of  the  question.  The  process  of  obtaining  A  <p  may  be  briefly  summarized. 

All  polar  distances  by  direct  observation  in  each  of  the  years  were  corrected  by 
(A) )  and  supposing  the  differences  between  corrected  polar  distances  of  the  same  star 
from  upper  and  lower  culmination  to  be  due  to  error  of  assumed  latitude  and  refrac¬ 
tion  constant,  wo  have — 


A  P  (U.  C.)  corrected  ) 
4-  A  P  (L.  0.)  corrected  j 


=  2  A  <p  —  (p  +  p')  k 


The  results  of  all  the  years  combined  in  one  set  of  equations,  and  arranged  in  con¬ 
venient  groups  following  the  order  of  polar  distance,  are  these  : 


No. 

7T 

Calc.— 

-obs. 

Stars’  name,  or  num¬ 
ber  of  stars. 

// 

// 

U 

(1) 

2 

A<J  — 

143  l 

.69  =  0 

14 

— 

.07 

1 

TJrsse  Minoris. 

(2) 

2 

— 

143 

+ 

.00 

29 

— 

.16 

a 

Ursse  Minoris. 

(3) 

2 

— 

14  k 

+ 

.75 

15 

— 

01 

5 

1  (H)  Cepbei. 

(D 

2 

— 

144 

+  1 

.09 

22 

4 

.33 

d 

Ursse  Minoris. 

(5) 

2 

— 

150 

+1 

.08 

10 

+ 

.32 

3 

(6) 

2 

— 

102 

4- 

.06 

29 

10 

5 

(7) 

2 

— 

171 

+ 

.85 

31 

+ 

09 

7 

(8) 

2 

— 

185 

+ 

.78 

13 

+ 

.01 

3 

(9) 

2 

— 

202 

+ 

.30 

21 

— 

47 

4 

(10) 

2 

— 

210 

+ 

.72 

8 

— 

05 

5 

(11) 

2 

— 

227 

+ 

.91 

16 

+ 

14 

4 

(12) 

2 

— 

236 

+ 

.95 

5 

+ 

18 

1 

(13) 

2 

— 

256 

+1 

.23 

4 

+ 

45 

2 

(14) 

2 

320 

+ 

.88 

4 

+ 

.09 

1 

The  coefficients  of  1c  are  taken  at  their  mean  values  for  the  mean  temperature  at 
Washington,  those  from  (11)  to  (14)  excepted,  which  are  for  lower  culmination  taken 
from  the  detailed  observations.  From  the  above  equations  result — 

A?  =  -  ".369  ±  ".105  j  or  -  ".38  +  8G".9  k 

k  =  +  .00014  ±  .00119 

[Bessel’s refractions]  x  .999SG  =  Washington. 


The  probable  error  of  k  is  thus  nearly  10  times  the  quantity  itself,  and  as  the 
change  in  refraction  would  be  practically  insignificant,  no  use  is  made  of  it.  The 
probable  error  of  A  <p  is  with  respect  to  the  uncertainty  of  k.  Assuming  k  to  be  with¬ 
out  error  the  probable  error  of  A  w  becomes  ±  ".03.  To  get  the  deviations  from  A  <p  the 


N  B - 30 


466  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION.  [60] 

numbers  in  column  “Calc.  —  obs.”  must  be  divided  by  2.  Excluding  all  observations 
where  Z  >  75°,  the  results  of  separate  years,  for  latitude  are: 

//  u 

1SGG  -  .4G  4  .08 

18G7  -  .20  4  .00 

18G8  -  .46  4  .06 

1809  -  .22  4  .12 

Mean  by  weights  —  .37 

The  differences  are  not  much  greater  than  the  probable  errors  would  lead  us  to 
expect,  especially  when  we  consider  the  uncertainty  of  A  Z  for  each  year. 

The  adopted  latitude,  38°  53'  38443,  is  more  than  048  less  than  that  found  in 
1845, #  with  the  mural  circle,  and  435  less  than  the  result  with  the  same  instrument  in 
1861-2-3-4.]  The  difference  between  the  earliest  and  latest  determination  is  appar¬ 
ently  greater  than  the  sum  of  any  probable  instrumental  errors  in  the  two  series.  If 
the  flexure  from  opposing  collimators  had  been  adopted,  the  seconds  of  latitude  would 
have  been  3S466  very  nearly.  If,  on  the  other  hand,  we  take  the  results  of  comparison 
of  Me  GS  with  Wn  68,  and  suppose,  accordingly,  that  the  refractions  of  the  latter  ought 
to  be  multiplied  by  .9953  the  secouds  of  latitude  are  38483;  leaving  a  difference  not 
accounted  for  of  442;  and  this,  too,  under  the  extreme  supposition  that  the  refractions 
of  1845  are  correct,  while  the  same  refractions  for  1868  need  to  be  multiplied  by  .9953. 

Combining  with  table  (A)  the  correction  +  4 37 ,  for  —  A  <p  already  determined,  we 
arrive  at  the  following  definitive  correction  to  P  and  A  P: 


(B) 


1866 

1867 

1868 
1869 


//  // 


-  .41  -  .95  sin  (312.5  4  P) 

4  .45  4  .69  sin  (252.6  +  P)  +  { —  434  to  nadir  values  of  P  and  A  P.  ( 


4  .08  4  -69  sin  (  5.2  4  P)  4  J 
4  .81  4  .69  sin  (252.6  4  P) 


Irregular  corrections  for  error  of 
zenith  points.  See  p.  47. 


Column  (P)  of  the  subjoined  table  is  constructed  from  these.  In  column  “Final” 
are  found  the  systematic  corrections  necessary  to  reduce  the  North  Polar  Distances,  after 
they  are  first  corrected  for  division  error  and  error  of  certain  zenith  points,  to  the  Nor¬ 
mal  System  of  this  paper.  It  is  formed  by  subtracting  from  (P)  the  declination  cor¬ 
rection  of  Wn  68,  taken  from  Table  IX. 


*  Appendix  to  Washington  Astronomical  Observations  for  1845. 
1  Appendix  to  Washington  Astronomical  Observations  for  1864. 
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Wn  GG-TFm  GO.  Table  of  corrections  to  Polar  Distances  by  direct,  observation.* 


I860. 

1867. 

1868. 

1869. 

1‘ 

{It) 

Final. 

(B) 

Fiual. 

(B) 

Fin 

al. 

(B) 

Final. 

o 

It 

// 

// 

// 

// 

// 

// 

// 

3:35 

+ 

50 

+  .70 

— 

.05 

4- 

.  15 

— 

.  15 

+ 

.05 

4- 

.30 

4- 

.50 

340 

+ 

47 

+  .62 

— 

.09 

+ 

.06 

— 

.  10 

+ 

.05 

4- 

.26 

4- 

.41 

345 

+ 

43 

+  .53 

— 

.13 

.03 

— 

.04 

+ 

.06 

+ 

.23 

"I" 

.33 

350 

+ 

39 

+  .44 

— 

.16 

— 

.11 

+ 

.02 

4- 

.07 

4- 

.20 

4- 

.25 

355 

"1" 

34 

+  .36 

— 

.18 

— 

.16 

+ 

.08 

+ 

.  10 

+ 

.  17 

+ 

.  19 

360 

+ 

29 

+  .29 

— 

.20 

— 

.20 

+ 

.  14 

+ 

.  14 

+ 

.  15 

4- 

.  15 

5 

+ 

23 

+  .21 

— 

.21 

— 

.23 

+ 

.20 

+ 

.  18 

4- 

.  14 

+ 

.  12 

10 

+ 

17 

+  -12 

— 

.23 

— 

.28 

+ 

.26 

4- 

.21 

+ 

.  13 

+ 

.08 

15 

+ 

10 

00 

— 

.23 

— 

.33 

+ 

.32 

+ 

.22 

4- 

.  12 

4- 

.02 

20 

+ 

03 

—  .12 

— 

.23 

— 

.38 

+ 

.37 

+ 

.22 

+ 

.  12 

— 

.03 

25 

04 

—  .24 

— 

.23 

— 

.43 

+ 

.  43 

+ 

.23 

“i~ 

.  13 

— 

.07 

30 

— 

12 

—  .38 

— 

.  22 

— 

.48 

+ 

.48 

4- 

.22 

4- 

.  14 

— 

.  12 

35 

— 

20 

—  .  52 

— 

.20 

— 

.52 

+ 

.52 

4- 

.20 

+ 

.  15 

— 

.  17 

40 

— 

28 

—  .64 

— 

.18 

— 

.54 

+ 

.57 

4- 

.21 

4- 

.  17 

— 

.  19 

45 

— 

37 

—  .76 

— 

.  16 

— 

.55 

+ 

.61 

4- 

.22 

4- 

.20 

— 

.19 

50 

— 

45 

—  .87 

— 

.  13 

— 

.55 

+ 

.64 

Hr 

.22 

4- 

.22 

— 

.20 

55 

— 

53 

—  .98 

— 

.09 

— 

.54 

+ 

.68 

4- 

.23 

4- 

.26 

— 

.  19 

GO 

— 

62 

—1.09 

— 

.05 

— 

.52 

+ 

.70 

4- 

.23 

4- 

.30 

— 

.  17 

65 

— 

70 

—1.20 

— 

.01 

— 

.51 

+ 

.73 

4- 

.23 

4- 

.34 

— 

.  16 

70 

— 

77 

—1.30 

+ 

.03 

— 

.50 

+ 

.74 

4- 

.21 

4- 

.39 

— 

.  14 

75 

— 

85 

—1.40 

+ 

.08 

— 

.47 

+ 

.76 

4- 

.21 

4- 

.44 

— 

.  11 

80 

— 

92 

—1.49 

+ 

.  14 

— 

.43 

+ 

.76 

4- 

.  19 

4- 

.49 

— 

.08 

85 

— 

99 

—1.  57 

+ 

.  19 

— 

.39 

+ 

.77 

H~ 

.  19 

4- 

.  55 

— 

.03 

90 

— 1. 

05 

—1.64 

+ 

.25 

— 

.34 

+ 

.76 

H- 

.19 

4- 

.60 

+ 

.01 

95 

— 1. 

11 

—1.70 

+ 

.30 

— 

.29 

+ 

.76 

+ 

.  19 

4- 

.66 

4- 

.07 

100 

— 1. 

16 

— 1.  76 

“1“ 

.36 

— 

.24 

+ 

.74 

H~ 

.  14 

4- 

.72 

4- 

.  12 

105 

— 1. 

21 

—  1.84 

+ 

.42 

— 

.21 

+ 

.72 

4- 

.09 

4- 

.  78 

4- 

.  15 

110 

— 1. 

25 

—1.  95 

+ 

.48 

— 

.22 

+ 

.70 

00 

+ 

.84 

4- 

.  14 

115 

— 1. 

29 

—2.  09 

+ 

.54 

— 

.26 

+ 

.67 

— 

.  13 

+ 

.90 

4- 

.  10 

120 

— 1. 

32 

—2. 25 

+ 

.60 

— 

.33 

+ 

.64 

— 

.29 

+ 

.96 

+ 

.03 

125 

— 1. 

34 

—2.  43 

+ 

.66 

— 

.43 

+ 

.60 

.49 

4-1 

.01 

.08 

*  An  explanation  of  the  difference  between  the  corresponding  numbers  contained  in  columns  “  (13)” 
and  “Final”  is  suggested  in  the  comparison  of  Washington  and  Melbourne  polar  distances.  (See  pp. 
66  to  68.) 
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With  the  corrections  in  column  (B),  and  the  table  of  weights,  on  p.  53  the  follow¬ 
ing  catalogue  is  constructed,  which  appears  to  require  no  explanation,  except  that  the 
definitive  declinations  converted  from  N.  P.  D.  are  first  given,  followed  by  their 
respective  weights;  and  after  these  the  seconds  of  declination  converted  in  like  man¬ 
ner  for  separate  years : 

Wn  68 - Catalogue. 


Star’s  name. 

d  1868.0. 

7T' 

1866. 

1867. 

1868. 

1869. 

(5 

tt' 

d 

tt' 

d 

ti 

_/ 

o  /  /' 

// 

n 

// 

// 

a 

Andromed®  . 

+  28  21  41.  36 

44 

41.6 

13 

41.4 

12 

41.7 

10 

40.7 

9 

y 

Pegasi . 

+  14  26  57.84 

45 

58.4 

12 

58.0 

14 

56.9 

10 

57.9 

9 

a 

Cassiope® . . . 

+  55  48  45.  69 

23 

45.9 

6 

45.9 

8 

45.6 

7 

44.6 

2 

13 

Ceti . 

—  18  42  42.  44 

34 

42. 1 

11 

42.2 

12 

43.1 

9 

42. 9 

2 

21 

Cassiope® . . . 

+  74  15  57.51 

38 

57.6 

7 

56.2 

3 

57.  5 

5 

21 

Cassiope®,  S.  P . . . 

58.3 

6 

57.3 

8 

57. 1 

5 

58. 1 

4 

e 

Piscium . . . . . 

+  7  10  42.72 

35 

43.0 

14 

42.6 

12 

42.  4 

9 

V 

Pisciuin . 

4-  26  34  08.94 

7 

08.9 

7 

a 

Urs®  Minoris . 

4-  88  36  20.  33 

112 

20.7 

15 

20.2 

15 

20.  2 

14 

19.9 

12 

a 

UrsEB  Minoris  S.  P. _ _ 

20.4 

15 

20.3 

15 

20.  2 

14 

20.7 

12 

6 

Ceti . 

—  8  51  55.  48 

28 

55.  6 

10 

55.  4 

10 

55.4 

8 

A 

Cassiope® _ _ _ 

-f  69  35  02.  07 

3 

02. 1 

3 

V 

Piscium . 

+  14  39  51. 18 

39 

51.3 

13 

50.7 

14 

51.3 

10 

52.6 

2 

0 

Piscium . 

+  8  29  31.  44 

o7 

32. 3 

11 

30.9 

13 

31.2 

10 

31  5 

3 

13 

Arietis . 

+  20  09  41.09 

41 

41.4 

14 

40.3 

13 

41.2 

9 

42.0 

5 

50 

Cassiope® . 

+  71  46  49.78 

31 

50.6 

8 

49. 1 

3 

51.0 

2 

49.5 

2 

50 

Cassiope®,  S.  P . 

48.6 

4 

49.9 

5 

49.4 

5 

49.5 

2 

a 

Arietis . 

-f  22  50  12. 29 

47 

12.5 

14 

12. 1 

14 

12. 1 

9 

12.5 

10 

? 

Ceti . 

+  8  13  33.  38 

32 

33.9 

8 

33.3 

12 

33.  3 

9 

33.  0 

3 

t 

Cassiope® . 

+  66  48  22.  85 

17 

23.4 

6 

22.2 

3 

22.6 

6 

23.0 

2 

y 

Ceti . 

+  2  40  39.  92 

31 

40.0 

10 

40.1 

12 

39.9 

7 

38.8 

2 

T 

Persei .  . . 

+  52  13  12.48 

3 

12.5 

3 

a 

Ceti . 

4-  3  34  12. 14 

38 

12.7 

12 

12.2 

13 

12.2 

8 

10.5 

5 

Cephei  (48  H) . 

+  77  14  42.  20 

41 

41.8 

7 

42.  0 

5 

42.  5 

7 

Cephei  (48  H')  S.  P . 

42.8 

7 

42.1 

7 

41.5 

6 

43.5 

2 

? 

Arietis . 

+  20  33  11.28 

27 

11.6 

8 

11.0 

10 

11.3 

7 

11.3 

2 

a 

Persei . 

4-  49  23  18. 20 

24 

18.5 

10 

18.4 

7 

17.5 

5 

17.6 

2 

6 

Persei ...... . . 

4-  47  21  43.94 

8 

43  3 

6 

46  0 

2 

V 

Tauri . . 

4-  23  41  39.92 

36 

40.1 

10 

40.1 

12 

39.  9 

9 

39.  1 

5 

Persei . . 

4-  31  29  19. 16 

18 

18.  8 

6 

17.  9 

5 

20  4 

7 

y' 

Eridani . 

—  13  53  10. 10 

25 

10.5 

9 

10.3 

7 

09.6 

7 

09.  1 

2 

y 

Tauri . . . 

+  15  18  22. 20 

30 

21.8 

9 

22.1 

12 

22.5 

7 

23.7 

2 

e 

Tauri  . 

-f  18  53  05.  69 

32 

05. 7 

7 

05.7 

2 

05.9 

13 

05.4 

10 

a 

Tauri  . 

+  16  14  28. 12 

45 

28. 1 

13 

28.2 

14 

28.4 

10 

27.7 

8 

a 

Camelopardalis  .  . . 

+  66  06  49.30 

19 

49.4 

7 

49.  0 

5 

49.4 

5 

49.5 

2 

L 

Aung® . 

+  32  57  13.72 

36 

13.8 

9 

13.8 

12 

14.  1 

8 

13.0 

7 

a 

Orionis . 

+  15  13  02.29 

26 

02.9 

9 

02.0 

9 

01.6 

6 

03.  0 

2 

a 

Aurig® . 

+  45  51  36.35 

16 

36.5 

4 

36.0 

5 

35.8 

5 

38.3 

2 

13 

Orionis . 

—  8  21  23.54 

35 

23.4 

13 

23.8 

12 

22.9 

7 

24.4 

3 

(3 

Tauri . 

+  28  29  33. 98 

44 

34.2 

13 

34.0 

13 

33.9 

n 

33.7 

7 

Groombridge  966  . 

-f  74  56  58.  71 

5 

57.  7 

3 

Groombridge  966,  S  P . 

60.  3 

2 

6 

Orionis . 

—  0  23  58. 43 

34 

58.6 

10 

58.0 

11 

58.3 

7 

59.0 

6 

a 

Leporis . . 

—  17  55  09.  93 

2 

09  9 

2 

e 

Orionis . 

—  1  17  20. 12 

36 

19.7 

12 

20.3 

11 

20.4 

8 

20.  1 

5 

1  CL 

Columb® . . . . 

—  34  08  47.58 

8 

47.  8 

1 

48  0 

4 

47  0 

3 

|  a 

Orionis . 

+  7  22  46.  37 

42 

46.6 

14 

46.3 

13 

46.6 

7 

45.9 

8 
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Star’s  name. 


Camelopardalis  (22  H)  .... 

fi  Geminorum . 

y  Geminorum . 

Cephei  (51  II) . 

Cephei  (51  H.)  S.P . 

e  Canis  Majoris . 

d  Canis  Majoris . 

X  Geminorum . . . 

rS  Geminorum . 

Pi.  VII  07 . 

a 2  Geminorum . 

ji  Geminorum  . 

<P  Geminorum . 

Ursae  Majoris  (3  II) . 

15  Argus  . 

e  Hydra . 

i  Ursae  Majoris . 

d1  Ursae  Majoris . 

/c  Cancri . 

a  Lyneis . . . 

Draconis  (1  II) . 

Draconis  (1 II.)  S.  P . 

a  Hydra . 

24  Uisao  Majoris . 

0  Ursae  Majoris . 

e  Leon  is . 

H  Leonis . 

a  Leonis . 

32  Ursae  Majoris . 

yl  Leonis . 

Draconis  (9  II) . . 

Draconis  (9  H.)  S.  P . 

p  Leonis . 

i  Leonis . 

/3  Ursae  Majoris . 

a  Ursae  Majoris . 

<5  Leonis . 

6  Crateris . . . 

Leonis . 

Draconis . 

v  Leonis  . 

X  Ursae  Majoris . - 

/)  Leonis . 

y  Ursae  Majoris . 

o  Virginia . 

Draconis  (4  H) . 

Draconis  (4  H.)  S.  P . 

ri  Virginis . 

/3  Corvi  . 

k  Draconis . 

Camelopardalis  (32  II) 
Camelopardalis  (3211.)  S.P 

a  Canum  Venaticorum . 

0  Virginis . 


(5  lh'68.0. 

+ 

1806. 

1867. 

1868. 

1869. 

6  ' 

7T7 

(I 

+ 

ci 

c) 

1 

o  /  // 

// 

// 

// 

// 

-j-  09  21  38. 95 

12 

39.  7 

6 

38  2 

6 

-f  22  34  41.  09 

26 

41.7 

10 

41.6 

8 

41.6 

4 

41.9 

4 

+  10  30  32.03 

40 

32.7 

14 

32.3 

13 

33.0 

8 

32.7 

11 

+  87  14  28.  83 

68 

29.0 

12 

28.5 

12 

29.4 

7 

28.4 

7 

28.8 

12 

29.  4 

8 

28.  5 

10 

—  28  47  40. 55 

32 

40.3 

10 

40.3 

9 

41.2 

5 

40.7 

8 

—  20  11  08.42 

15 

07.8 

7 

08  9 

7 

09.2 

1 

—  10  40  30.87 

3 

30.9 

3 

+  22  13  20.  02 

42 

20.7 

11 

20.4 

12 

20.2 

9 

21. 1 

10 

-j-  08  43  50.22 

8 

51.  4 

2 

49.8 

6 

+  32  10  20.41 

41 

23.9 

11 

29.7 

11 

29.4 

11 

29.8 

8 

+  28  20  32.  07 

48 

31.9 

14 

32. 2 

13 

32.2 

12 

32.0 

9 

+  27  00  10.71 

35 

10.4 

8 

10.2 

9 

17.3 

8 

17.0 

10 

+  08  51  30.  47 

2 

30.  5 

2 

—  23  55  32. 28 

30 

32. 9 

4 

32.4 

11 

31.5 

6 

32.3 

9 

+  0  54  03. 44 

39 

03.3 

7 

03.7 

12 

03.5 

9 

03.3 

11 

+  48  33  27.  00 

23 

27.7 

4 

28. 1 

5 

27.  4 

8 

27.4 

0 

+  07  40  02.77 

21 

02.8 

3 

02.9 

8 

02.8 

4 

02.6 

6 

+  11  11  50.00 

37 

50.0 

7 

50.9 

10 

50.7 

10 

50.9 

10 

+  34  50  55.  34 

8 

55.3 

8 

4-  81  54  20. 17 

20 

19.6 

6 

21.8 

3 

19.9 

7 

20.3 

4 

* 

—  8  05  17.  06 

39 

17.2 

10 

16.6 

13 

17.4 

9 

17.3 

7 

+  70  24  27.  02 

3 

27.6 

3 

+  52  16  36.96 

5 

37.0 

5 

+  24  22  49.  38 

36 

49.4 

11 

49.3 

13 

48.4 

3 

49.8 

9 

4-  20  37  37.  42 

32 

38.2 

8 

37.4 

10 

38.0 

4 

36.6 

10 

+  12  36  39.55 

45 

39.7 

13 

39.6 

14 

39.  1 

8 

39.7 

10 

+  65  45  54.  91 

10 

55.  0 

4 

54.8 

6 

+  20  30  28.  65 

42 

29.1 

11 

28.2 

13 

28.5 

8 

28.9 

10 

+  76  23  29. 48 

32 

29.1 

1 

29.4 

5 

29.9 

4 

29.3 

6 

29.8 

7 

29.  3 

6 

9  59  04. 99 

35 

05.1 

9 

05.0 

10 

05.3 

9 

04.4 

7 

+  11  14  34.02 

36 

34.  1 

11 

33.4 

9 

34.0 

8 

34.0 

8 

+  57  05  20.36 

5 

20.4 

5 

+  02  27  46. 23 

30 

45.1 

7 

40.1 

11 

47.1 

5 

46.9 

7 

+  21  14  40.61 

41 

40.8 

12 

46.4 

14 

47.0 

6 

46.3 

9 

—  14  03  53.  33 

29 

53.2 

6 

53.4 

11 

52.3 

5 

54.2 

7 

+  3  34  57.  95 

31 

57.5 

8 

58.3 

11 

59.5 

3 

57.5 

9 

+  70  03  33. 15 

28 

32.6 

7 

33.3 

10 

34.0 

6 

32.7 

5 

—  0  05  43. 50 

34 

44.5 

9 

43.3 

11 

42.5 

5 

43.3 

9 

+  48  31  39. 10 

3 

39. 1 

3 

+  15  18  34. 72 

44 

34.7 

13 

34.8 

14 

34.7 

8 

34.8 

9 

+  54  25  42. 87 

31 

42.8 

7 

42.5 

11 

43.6 

7 

42.7 

6 

+  9  27  57.  92 

35 

58.0 

10 

57.6 

11 

58.4 

6 

57.8 

8 

+  78  20  59.70 

37 

59.7 

0 

59.4 

10 

59.9 

7 

59.7 

4 

60  3 

4 

59.8 

4 

59. 1 

2 

+  0  04  00. 19 

36 

59.6 

11 

60.3 

12 

61.4 

5 

60.2 

8 

—  22  39  59. 06 

33 

59.7 

11 

59.6 

9 

59.4 

5 

59.9 

8 

+  70  30  58.  53 

14 

58.7 

2 

58.2 

5 

58.8 

4 

58.7 

3 

+  84  07  50.  03 

27 

51.6 

4 

49.4 

9 

50.5 

5 

49.9 

3 

49.  6 

0 

+  39  01  54.  03 

46 

54. 1 

13 

54.0 

14 

53.8 

12 

54.0 

7 

—  4  50  01.  45 

34 

01.3 

9 

01.8 

10 

01.3 

1 

6  ! 

01.3 

9  | 
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Star’s  name. 

6  1868.0. 

7r' 

1806. 

1867. 

1868. 

1869. 

J 

_/ 

7T 

<5 

7T; 

6 

TT1 

3 

jr' 

o  /  // 

// 

1/ 

// 

// 

a  Virginia . 

—  10  28  17. 23 

48 

17.4 

14 

17.5 

14 

16.7 

11 

17. 1 

9 

-I-  55  36  56.49 

7 

56.  5 

7 

X  Virginia . 

+  0  04  47.43 

42 

47.2 

13 

48.6 

12 

47.0 

10 

46.6 

7 

81  Urirse  Majoris  ..... 

4  56  01  31.96 

5 

32.  0 

5 

B.  A.C.  4596  ... 

-j-  41  45  05.79 

8 

05.  8 

8 

t?  Bootis . 

4  19  03  37.  23 

44 

37.0 

14 

37. 1 

13 

37.6 

10 

37.5 

7 

7}  Ursae  Majoris . 

+  49  58  22.  25 

32 

22.7 

8 

22.  0 

12 

23.0 

7 

21.3 

5 

11  Bootis . . . . . . 

4  28  01  31.  09 

7 

31. 1 

7 

a  Draconis . . . 

+  65  00  26.  27 

26 

25.6 

6 

26.6 

9 

26.9 

4 

26.0 

7 

d  Bootis . . . . 

+  25  43  04.59 

7 

04.6 

7 

a  Boo  is . 

4  19  52  14.  46 

48 

14.8 

14 

14.5 

13 

14.3 

12 

14. 1 

9 

0  Bootis . 

+  52  27  41.90 

22 

41.6 

6 

42. 1 

9 

41.4 

4 

42.7 

3 

y  Bootis . . 

4  38  53  13. 10 

5 

13. 1 

5 

5  Ursae  Minoris . 

4  76  16  57. 98 

38 

57.  1 

8 

58.3 

9 

59.3 

7 

56.8 

6 

5  Ursae  Minoris,  S.  P . 

58.7 

2 

58.  4 

6 

B.  A.  C.  4827  .' . 

+  47  21  56.77 

8 

56.  8 

8 

s1  Bootis . 

4  27  37  55.24 

45 

55.3 

12 

55.2 

14 

55.7 

10 

54.6 

9 

a2  Librae . 

—  15  29  29.70 

38 

29.8 

11 

29.6 

11 

29.6 

8 

29.8 

8 

B.A.  C.  4897  . 

-f  38  21  22.96 

7 

23.  0 

7 

/ 3  Ursa}  Minoris . 

+  74  41  41.58 

48 

42.4 

8 

41.6 

11 

41.8 

7 

41.4 

8 

/ 3  Ursae  Minoris,  S.  P . 

40.8 

5 

40.  9 

5 

41.7 

4 

(04. 72) 

(5) 

(04.7) 

(5) 

+  41  50  09.02 

8 

09.  0 

8 

P  Bootis . 

4  40  54  44.  85 

24 

45.  1 

10 

45.2 

7 

44. 1 

7 

P  Librae . 

—  8  53  38.79 

40 

38.3 

12 

39.7 

12 

38.3 

8 

38.  7 

8 

/z1  Bootis . 

+  37  50  29.  36 

34 

29.2 

10 

29.8 

11 

29.4 

7 

28.8 

6 

■y2  Ursae  Minoria . 

+  72  18  13. 48 

22 

14.8 

6 

13.4 

5 

13.6 

6 

11.7 

3 

y2  Ursae  Minoris,  S.  P . 

12.2 

•2 

a  Coronae  Borealis . 

+  27  09  37.30 

46 

37.5 

14 

36.9 

14 

37.9 

9 

37.  1 

9 

B.A.  C.  5157 . 

+  43  36  20.  97 

7 

21.0 

7 

<p  Bootis . 

-f  40  47  04.51 

7 

04.5 

7 

y  Coronae  Borealis . 

4  26  42  54.  00 

5 

54.  0 

5 

a  Serpentis . 

+  6  50  33.  37 

43 

33.5 

12 

33.5 

13 

32.2 

10 

33.1 

8 

e  Serpentis . 

+  4  52  36.  73 

35 

36.5 

9 

36.8 

12 

36.9 

8 

36.8 

6 

f  Ursae  Minoris . 

+  78  11  57.04 

27 

57.  8 

8 

56.  9 

5 

56.3 

5 

56.4 

4 

X  Ursae  Minoris,  S.  P. _ _ 

57.  3 

5 

e  Coronae  Borealis . 

-j-  27  15  41.54 

4 

41.  5 

4 

6  Scorpii . 

—  22  14  37. 14 

20 

37.9 

6 

37.1 

9 

36.2 

3 

36.4 

2 

B.  A.  C.  5313 . 

-f-  55  07  25.  31 

8 

25.  3 

8 

B1  Scorpii . 

—  19  26  30.28 

32 

31.2 

10 

28.  9 

11 

30.7 

6 

30.  9 

5 

Grooinbridge  2320 . 

-f-  68  09  29.24 

3 

29.  2 

3 

4  Ophiuchi . 

—  3  21  08.  86 

36 

08.9 

10 

08.5 

12 

08.9 

9 

09.5 

6 

16  Herculis . 

+  19  08  35.21 

7 

35  2 

7 

t  Herculis . 

+  46  37  44.  02 

33 

44. 1 

10 

44.4 

10 

43.8 

6 

43.6 

7 

23  Heiculis . 

4  32  38  33.  47 

7 

33  5 

7 

a  Scorpii . 

—  26  08  11.  36 

32 

11.5 

10 

11.0 

10 

11.8 

8 

11.0 

4 

-r]  Draconis . 

+  61  48  48.77 

14 

49  0 

8 

48  5 

G 

15  Draconis  (A) . 

4  69  03  12.  81 

17 

13.  6 

4 

12.4 

5 

12!  5 

6 

13.3 

2 

f  Ophiuchi . 

—  10  17  50.81 

30 

50.7 

10 

50.9 

10 

50.7 

6 

51.2 

4 

7?  Herculis . 

+  39  10  28.74 

29 

28.8 

10 

29.5 

11 

27.  5 

6 

28. 1 

2 

ic  Ophiuchi . 

+  9  34  56;  06 

37 

55.8 

10 

57.0 

11 

55.  7 

9 

55.5 

7 

(5  Herculis . 

4  33  45  39.36 

9 

39  0 

40  5 

0 

e  Ursae  Minoris . 

4  82  14  59.  46 

36 

59. 6 

11 

59.  3 

10 

59. 3 

8 

59.2 

3 

e  Ursae  Minoris,  S.  P . 

4 
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Star’s  name. 

(5  1808.0. 

_/ 

n 

1866. 

1867. 

1868. 

1869. 

4 

7 r' 

4 

1 

6 

^ / 

4 

7 r' 

o  /  // 

II 

II 

II 

// 

B.  A.  C.  5801  . . 

+  55  56  11.70 

5 

11.7 

5 

a1 

Herculis . 

+  14  32  34.23 

38 

34.1 

13 

33.  8 

12 

34.6 

9 

35.0 

4 

F 

llerculis . 

+  37  25  52.  74 

52.  7 

7 

B.A.C.5874  . ... 

+  40  00  21.28 

5 

21.  3 

5 

44 

Opbiucbi . 

—  24  03  03.  52 

30 

03. 9 

10 

03.6 

10 

03.7 

7 

01.5 

3 

X 

Herculis . 

+  48  22  19.  83 

19.  8 

7 

(3 

Draconis . 

+  52  23  59.  44 

4 

59.  4 

4 

a 

Opbiucbi . 

+  12  39  29.50 

41 

28.  8 

13 

29.  6 

14 

30.4 

9 

29.4 

5 

0) 

Draconis . 

4  68  49  07.  42 

23 

07.  0 

8 

07  8 

8 

07  6 

7 

t* 

Herculis . 

+  27  47  58.  50 

38 

58.5 

13 

58.3 

12 

58.8 

7 

58.7 

6 

Draconis . 

-|~  72  12  45.74 

15 

46.  0 

9 

45.3 

6 

z 

Herculis . 

4-  48  25  51. 15 

8 

51  1 

8 

y 

Draconis . 

4  51  30  19.41 

27 

19. 1 

8 

19.4 

10 

19  7 

9 

y2 

Sagittarii . 

—  30  25  21. 12 

9 

20.9 

5 

21.2 

4 

c 

Sagittarii . 

—  21  05  25.63 

26 

26.  3 

7 

25.  0 

7 

26.0 

9 

24.7 

3 

rS 

Ursae  Minoris . 

+  86  36  18.64 

90 

18.8 

14 

19.  1 

14 

18.  5 

12 

18.9 

4 

4 

Ursae  Miuoris,  S.  P . 

18.  2 

14 

18.7 

13 

18.  6 

9 

18.  5 

10 

rj 

Serpentis . 

—  2  55  50. 64 

18 

51.  4 

50. 1 

6 

50.  3 

5 

i 

Aquilae . . . 

—  8  20  01.  75 

30 

01.5 

10 

01.8 

9 

01.9 

9 

02. 1 

2 

a 

Lyrse . 

+  38  39  44.  05 

49 

44.4 

15 

43.  9 

14 

43.6 

11 

44.2 

9 

110  Herculis . 

+  20  25  18.  77 

18.8 

P 

Lyrse . 

+  33  12  39.  63 

34 

39.6 

11 

39.9 

10 

39.3 

7 

39.5 

6 

G 

Sagittarii. . . 

—  26  27  27. 97 

22 

27.  8 

7 

28.  0 

8 

28. 1 

50 

Draconis . 

+  75  16  36. 67 

27 

36.  3 

8 

36.6 

8 

37.  4 

5 

50 

Draconis,  S.  P . 

36.  5 

5 

36  9 

1 

C 

Aquilae . 

+  13  40  09.68 

31 

09.7 

9 

09.8 

11 

10.0 

9 

07!  7 

2 

17 

Lyrse . . . 

4  32  17  42.44 

42.  4 

7 

55 

Draconis . 

4  65  45  27.  66 

8 

27.7 

8 

d 

Sagittarii . 

—  19  11  06.82 

06.  8 

7 

<5 

Draconis . 

+  67  25  45. 74 

23 

45.  2 

7 

46.0 

9 

45.  3 

5 

47.7 

2 

T 

Draconis . 

+  73  06  34. 06 

11 

34.5 

5 

35.  4 

4 

T 

Draconis,  SP . 

33.  6 

2 

6 

Aquilae . 

+  2  51  13.  4  4 

28 

13.7 

8 

13.5 

13 

13. 1 

7 

6 

Cygni _ _ _ _ 

-f  34  10  25.39 

7 

25.  4 

7 

K. 

Aquilae  . . . . . 

X  7  19  07.  38 

29 

07.2 

9 

07.2 

10 

07.  7 

10 

B.A.C.6748  . 

+  54  40  54.77 

7 

54.  8 

7 

y 

Aquilae . 

+  10  17  36.26 

41 

36.2 

11 

36.3 

13 

37.0 

10 

35.2 

7 

a 

Aquilae . 

+  8  31  17.88 

42 

18.1 

13 

17.  5 

13 

18.7 

11 

16.4 

5 

Draconis . . . . 

+  69  55  53.  8  L 

14 

54.  1 

8 

53.  4 

6 

13 

Aquilae . 

4  6  04  44.04 

32 

44.4 

9 

44.2 

12 

43.8 

9 

42.6 

2 

A 

Ursae  Minoris  _ _ _ _ 

+  88  54  44. 93 

72 

44.  6 

11 

45.  1 

13 

44.  9 

11 

A 

Utsijb  Minoris,  S.  P . 

45. 2 

8 

44.  9 

7 

44  8 

11 

45. 1 

11 

T 

Aquilae  ............. _ _ 

+  6  54  26.  07 

25 

26.  0 

9 

26.6 

8 

25.6 

8 

a2 

Capricorn  i _ _ _ _ 

—  12  57  06.64 

33 

06.9 

12 

06.7 

11 

06.  3 

10 

Cepbei  _ _ _ _ 

+  77  18  44.  85 

25 

45.2 

5 

44.  8 

7 

Cepbei,  S.  P . . . 

44.9 

44.6 

3 

44.5 

3 

Capricorui . . . 

—  18  38  82.68 

28 

32.9 

9 

32. 1 

10 

33.2 

9 

40 

C  V  il  i)  i . . .  . . 

+  38  00  28.51 

8 

28.5 

8 

42 

Cygni _ _ _ _ 

4  36  00  55. 14 

55.  1 

Del  plii  iii . 

4  10  51  22.68 

28 

22.  3 

8 

23.  3 

11 

22.3 

9 

a 

Cygni . 

+  44  48  34.59 

35 

34.9 

12 

34.9 

10 

34.0 

9 

34.4 

4 

Aquarii _ ...» . . 

—  9  28  36.60 

27 

36.  4 

8 

37.  1 

9 

36.  3 

10 

( !v<rni _  _  _  _ _ _ 

4-  40  39  35.75 

30 

35.  4 

11 

36.  4 

12 

35.  2 

fill  Ovarii  _  _ 

+  38  06  05.91 

30 

05.  8 

11 

06.  2 

12 

05.  6 

f 

Cygni  . 

+  29  41  11.90 

38 

11.9 

11 

12.  2 

12 

11.7 

9 

11.5 

6 
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Star’s  name. 


a  Coplici . . 

I  Pegasi . 

(3  Aquarii  . 

3  Cephei . 

72  Cygni . 

f  Aqnarii  . 

e  Pegasi . 

II  Cephei . 

fi  Capricorni _ 

79  Draconis . 

79  Draconis,  S.  P. 


Aquarii  . 

Aqnarii  . . 

Aquarii  . 

Pegasi . 

Lacertm . 

Aquarii  . 

Cephei  (226  11) _ 

Cephei.  (226  11),  S.  P. 

Pegasi . 

Cephei . 

Aquarii . . 


a  Piscis  Australis . 

a  Pegasi . 

3  Andromedae.... 

o  Cephei . . 

Q  Piscium . 

L 

y 
y 


Piscium . 

Cephei  . 

Cephei,  S.  P . 

Groombridge  4163. 
a)  Piscium . 


cS  1868.0. 

o  /  // 

+  62  01  36.  47 

35 

+  19  14  27.54 

27 

—  6  09  01. 83 

33 

-1-  69  58  53. 06 

22 

-f  37  56  35.91 

7 

—  8  26  41.59 

22 

-f  9  16  15.44 

41 

-)-  70  42  14.  27 

20 

—  14  10  19.12 

27 

-f  73  04  40. 94 

25 

—  0  57  36.59 

26 

—  8  26  23.  01 

30 

-f  0  42  30. 17 

28 

-j-  31  53  51.  40 

6 

-f  49  36  15.38 

3 

—  0  47  50.  03 

30 

-f-  75  32  47. 16 

7 

-f-  10  08  34.33 

29 

-f  65  30  24. 08 

17 

--  8  16  53. 20 

24 

—  30  19  16. 74 

21 

-f  14  29  43.51 

43 

+  49  20  05.  40 

7 

+  67  23  22.  58 

18 

+  5  39  14.32 

28 

—  4  54  39.27 

30 

+  76  53  44.  68 

32 

+  73  40  32.  42 

7 

+  6  07  56.46 

30 

1866. 

1867. 

1868. 

1869. 

6 

, r' 

<5 

7 T1 

c! 

cS 

7r' 

II 

// 

// 

II 

36.5 

11 

37.0 

11 

34.9 

7 

37.2 

6 

27.8 

8 

27.  3 

11 

27.  5 

8 

02.0 

10 

01.4 

12 

02.2 

6 

02.0 

5 

53.7 

8 

53.6 

7 

53.5 

4 

53.9 

3 

35.9 

41.  9 

7 

41.  1 

7 

41.8 

8 

15.6 

10 

15.6 

13 

15. 1 

9 

15.  3 

9 

14.4 

8 

14.1 

7 

14.3 

5 

.... 

19. 1 

8 

18.4 

12 

20.3 

7 

41.2 

8 

40.2 

8 

42.2 

5 

40.  4 

3 

40.3 

1 

36.9 

11 

35.8 

It 

37.0 

9 

36.8 

5 

23.2 

10 

22.  5 

12 

23.5 

8 

30.6 

9 

30.  2 

12 

29.6 

7 

51.4 

6 

15.  4 

3 

49.9 

11 

49.7 

10 

50.7 

7 

50.2 

2 

47. 1 

6 

47.3 

1 

34.0 

10 

34.0 

10 

35.  3 

7 

34. 1 

2 

23.  6 

8 

24. 1 

3 

24.  6 

6 

53.6 

7 

52.  5 

8 

53.5 

9 

16.8 

7 

16.2 

7 

17.2 

7 

43.7 

12 

43.4 

13 

43. 1 

9 

44.0 

9 

05.2 

4 

05.6 

3 

23. 0 

9 

22.2 

9 

13.  9 

9 

14.6 

10 

14.5 

9 

39.2 

9 

39.6 

10 

38.5 

9 

41.4 

2 

45.  3 

9 

44.8 

44.5 

5 

41.9 

2 

44.8 

8 

44.2 

3 

32.4 

7 

56.8 

9 

56.1 

12 

56.6 

9 

The  value  of  “  C”  in  “Details  of  Corrections,”  etc.,  is  computed  from  these  declina¬ 
tions  ;  and  in  column  “  obs.”  the  values  of  n'  are  given  instead  of  the  number  of  obser¬ 
vations. 

A  comparison  of  this  catalogue  with  the  polar  distances  of  the  Melbourne  General 
Catalogue  (Me  08)  may  not  be  devoid  of  interest.  The  mean  epochs  of  observation 
in  each  are  nearly  identical,  so  that  erroneous  proper  motions  will  be  practically  with¬ 
out  influence  in  the  comparison.  In  the  comparison*  by  E.  J.  Stone,  of  Greenwich  and 
Melbourne  (to  which  reference  is  elsewhere  made),  the  refraction  at  the  latter  place 
is  supposed  to  be  different  for  equal  zenith  distances  north  and  south.  From  circum¬ 
polar  stars  observed  at  Melbourne,  with  a  correction  of  -f-  ".15  to  it  was  found  that 
the  adopted  refractions  should  be  multiplied  by  .99028.  From  comparisons  of  stars 
common  to  Greenwich  and  Melbourne  the  latter  quantity  was  found  to  be  .99080. 
These  results  were  adopted  in  formation  of  Me  08.  Though  possible  on  a  priori 
grounds,  this  hypothesis  is  open  to  serious  objections,  wheu  we  consider  the  difficulty 


E.  J.  Stone,  Month.  Not.,  28,  p.  27 
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of  determining  ( 1—  Jc )  independently,  at  the  latitude  of  Melbourne,  and  the  small  weight 
of  the  actual  determination,  with  a  circle  which  was  throughout  used  in  a  single 
position.  Before  comparing  I  have,  therefore,  reduced  the  polar  distances  of  Me  GS 
to  those  which  would  have  resulted  from  circumpolar  stars  alone.  This  I  have  accom¬ 
plished  by  the  application  of  the  correction  —  .00542  p  to  all  polar  distances  less  than 
127°  50'.  The  individual  weights  are  so  uniform  that  to  each  comparison  I  have 
assigned  weight  1,  these  excepted, —  aAurigse,  a  Cygni,  8  Scorpii,  a  Sagittarii,  and 
aColumbae,  which  received  weight  0.5;  and  a  Persei  and  i  Ursoe  Majoris,  which  were 
rejected  for  obvious  reasons. 

If  p  be  the  computed  and  (1  —  1c)  p  the  required  mean  refractions  at  Washington  for 
a  given  star,  p‘  and  (1  —  W)  p',  the  corresponding  quantities  for  the  same  star  at  Mel¬ 
bourne,  and  if  —  n  =  P  (Wn)  —  P  (Me),  we  shall  have  from  each  comparison  («),  rJ 
being  the  weight : 

[p  +  72")  7c  +  (p1  +  75")  7c'  +  n  =  0}  y/-J 

The  two  catalogues  furnish  87  such  equations  which,  though  separately  formed, 
are  combined  for  convenience  of  solution  in  the  following  groups : 

Residuals  after 
substitution. 


// 

II 

// 

7r' 

// 

+  65  lc 

+  538  7c' 

-3.31  =  0 

1 

— 

1.06 

72 

314 

-  .96 

3 

+ 

.  51 

79 

234 

-  .73 

4 

+ 

.49 

83 

205 

-  1.01 

6 

+ 

.  12 

90 

175 

-  1.02 

9 

+ 

.03 

95 

159 

-  1.60 

5 

— 

.58 

100 

148 

-  1.21 

8 

— 

.21 

105 

138 

-  1.  15 

6 

— 

.  16 

109 

132 

-  .98 

8 

+ 

.01 

117 

122 

-  .80 

7 

+ 

.  18 

124 

115 

-  1.05 

6 

— 

.05 

136 

107 

-  .87 

6 

+ 

.15 

151 

100 

-  1.  13 

5 

— 

.06 

165 

95 

-  .72 

2 

+ 

.40 

176 

91 

-  1.00 

2.5 

+ 

.  15 

191 

88 

-  1.29 

3.5 

— 

.08 

219 

84 

-  1.47 

2 

— 

.  14 

260 

79 

-  1.  79 

0.5 

— 

.29 

The  solution  gives  7c  =  +  .00468  ±  .00061 

7c'  =  +  .00362  ±  .00045 
Probable  error  (when  P  =  1)  =  ±  ".41 

The  refractions  at  Melbourne  are  already  (as  assumed),  Bessel’s  (Tab.  Beg.)  x 
.99628.  They  now  become  0.99628  x  (1  -  .00362),  or  .99267  x  (Bessel’s).  Those  at 
Washington  become  .99532  x  (Bessel’s).  Admitting  that  e,  for  Melbourne  is  only  ±  .20, 
the  probable  error  of  an  average  single P,  (where  rJ  =  1)  for  Me  68  is  roughly  A  "37. 
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Judging  from  this,  the  hypothesis  adopted  to  explain  the  differences  Wn  G8  —  Me  G8 
is  not  repugnant  to  the  facts,  especially  when  we  bear  in  miud  that  the  Melbourne 
circle  has  remained  in  an  invariable  position  during  the  period  for  which  the  com¬ 
parison  holds  good.  But,  on  the  other  hand,  this  very  circumstance  throws  a  doubt 
upon  the  whole  discussion ;  for  we  can  form  but  an  imperfect  idea  of  the  degree  to  which 
our  work  may  be  affected  by  errors  in  adopted  division  and  flexure  correction,  and  by 
uucorrected  flexure,  such  as  has  been  suspected  in  the  Cape  circle.  (Month.  Not.,  vol. 
33,  p.  G9.) 

I  have  formed  the  following  table  of — 


Corrections  to  polar  distances  of  Wn  G8  and  Me  G8. 


P. 


o 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

DO 


Wn  68. 

Me  68. 

I. 

II. 

III. 

IV. 

U 

U 

// 

// 

00 

00 

—  .  06 

—  .02 

—  .  10 

—  .05 

—  .  14 

—  .  10 

—  .  17 

—  .  15 

—  .21 

—  .20 

—  .23 

—  .26 

—  .26 

—  .  32 

—  .29 

—  .36 

--  .  31 

—  .39 

—  .33 

—  .42 

—  .20 

—  .67 

—  .36 

—  .45 

—  .06 

—  .48 

—  .38 

—  .47 

+  .02 

—  .  11 

—  .40 

—  .50 

+  .07 

4-  .08 

—  .43 

—  .53 

+  -11 

H“  *  15 

—  .46 

—  .55 

+  .  1) 

+  .1^ 

—  .49 

—  .57 

+  .16 

+  .15 

—  .51 

—  .58 

+  -17 

+  .15 

—  .56 

—  .59 

+  .19 

+  .16 

90 

95 

100 

105 

no 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 


Wn  68. 

I. 

II. 

// 

—  .56 

—  .60 

—  .65 

—  .71 

—  .79 

—  .89 
—1.04 
—1.27 

n 

—  .59 

—  .  59 

—  .60 

—  .63 

—  .70 

—  .80 

—  .93 

-  -1.  09 

Me  68. 


III. 


IY. 


n 

// 

+  .19 

+  .  16 

-!-  .£0 

+  .  18 

+  .22 

+  .21 

-f  .23 

+  .26 

-f  .24 

-f  .30 

+  .25 

+  .32 

+  -27 

+  -36 

+  .27 

+  .38 

+  .26 

+  .40 

+  .25 

+  .23 

+  .34 

+  .21 

4-  - 19 

+  .22 

+  .16 

+  -14 

+  .12 

+  -11 

+  .08 

-f-  .  05 

+  .04 

.00 

.00 

Column  I.  exhibits  the  results  of  the  correction  (/>  -f  72")  x  —  .001G8  for  Wn  68. 
Column  II.,  for  purposes  of  comparison,  gives  the  final  correction  of  Wn  G8  to  Normal 
System.  Column  III.  shows  the  correction  just  established  for  Me  68  by  comparison 
with  Washington.  For  stars  of  north  polar  distance  less  than  127°  50',  this  correction 
is  ".27  —  .0018/) ;  for  the  remainder  it  is,  (p  +  75")  x  .00362.  These  corrections  are 
applicable  to  the  results  as  printed  in  the ‘‘General  Catalogue.”  Column  IY.  gives 
the  adopted  correction  of  Me  G8  to  Normal  System.  The  agreement  between  1.  and  II., 
as  well  as  between  III.  and  IY.,  is  such  as  to  strengthen  the  belief  that  a  great  part 
of  the  difference  Wn  G8  —  Me  G8  is  due  to  error  in  the  adopted  refractions  at  each 
observatory. 

Wn  72.  The  mean  corrections  to  polar  distance  of  American  Ephemeris,  or  simply 
polar  distance,  with  the  correction  for  “Div.  Flex.,  etc.,”  are  taken  as  printed  from  sec¬ 
tions  entitled  “Corrections  to  the  Star  Positions  of  the  American  Ephemeris,”  etc.,  and 
“  Mean  Places  of  Miscellaneous  Stars,”  etc.,  without  change  for  stars  of  polar  distance 
less  than  4G°.  From  polar  distance  56°  southward  certain  corrections,  which  are  in- 
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eluded  iu  the  reductions  on  account  of  discordance  between  direct  and  reflected  obser¬ 
vations,  are  rejected.  The  effect  of  this  is  to  apply  the  following  corrections  to  polar 
distances,  or  what  is  the  same  thing,  to  the  correction  for  “Div.  Flex,  etc.,”  before 
adding  the  latter  to  the  polar  distance: — 


Year. 

Correction. 

1870 

1871-2 

1873 

1874 

// 

+  .31 

00 

—  .42 

—  .82 

Between  the  limits  56°  and  4G°  (P.  D.)  these  corrections  are  interpolated  so  as  to 
become  zero  at  the  northern  limit.  By  some  accident  the  correction  —  ".82  for  1874 
was  neglected  for  stars  between  polar  distances  102°  and  125°.  The  effect  of  this 
has  been,  quite  insignificant,  however,  since  the  preliminary  systematic  corrections 
depend  chiefly  on  residuals  of  stars  whose  polar  distance  is  less  than  102°. 

Proper  motion  has  not  been  applied  iu  the  reductions  of  “  Miscellaneous  Stars.” 
These,  I  have  corrected  accordingly. 

As  the  results  of  separate  years  so  taken  exhibit  considerable  systematic  discord¬ 
ances,  for  use  in  the  discussion  of  systematic  corrections  I  have  pursued  a  course 
entirely  analogous  to  that  explained  under  Re  06  and  72.  Following  is  a  list  of  correc¬ 
tions  to  assumed  places,  thus  resulting : — 


// 


// 


// 


a  AndromedtB 

y  Pegasi . . 

cl  Cassiopere  . 

(3  Ceti . . 

e  Piscium  ... 


—  .19 

—  .43 

—  .68 

—  .41 

—  .46 


1 3  Tauri  ... 
4  Orionis.. 
a  Leporis. . 
e  Orionis.. 
a  Columbae 


—  .26 
+  .20 
—  .21 
+  .21 
—  .52 


53  Leonis . 

a  Ursa}  Majoris 

4  Leonis . 

<5  Crateris _ 

t  Leonis . 


—  .61 
+  1.00 
—  .20 

—  .  17 

—  .31 


a  Ursse  Minoris 

0  Ceti . 

7)  Piscium . 

o  Piscium . 

/3  Arietis . 


+  .02 

—  .32 
— 1. 14 

—  .35 

—  .54 


a  Orionis . 

j?  Geminorum.. 
fi  Geminorum.. 
y  Geminorum.. 
e  Canis  Majoris 


—  .12 

+1.23 

—  .41 

—  .51 

—  .41 


%  Draconis.... 

v  Leonis . 

(3  Leonis . 

y  Ursa}  Majoris 
o  Virginia . 


+2.  08 
-  .27 

—  .24 
+  .53 

—  .49 


50  Cassiopese 
a  Arietis  ... 

f  Ceti . 

v  Ceti . 

a  Ceti . 


+1.  60 

—  .34 
+  .18 

—  .17 

—  .34 


(5  Canis  Majoris 
4  Geminorum.. 
(3  Geminorum.. 
0  Geminorum.. 
p  Argus . 


—1.11 

—  .85 
+  .04 

—  .25 
—1.10 


77  Yirginis... 

(3  Corvi . 

ic  Draconis  . . 
a  Canum  Ven 
0  Yirginis... 


—  .91 

—  .50 
+1.  38 

—  .50 

—  .55 


a  Persei  .. 
<S  Persei  . . 
?/  Tauri  .. 
yl  Eridani 
e  Tauri  . . 


—  .  12 
+1.49 
+  .12 
— 1.  04 
—  .04 


e  Hydra . 

l  Ursse  Majoris 
cl  Ursa}  Majoris 

k  Cancri . 

a  Hydrse . 


—  .72 
+  .40 
+  1.84 

+  .41 


a  Virginia . 

f  Virginia . 

7 1  Ursm  Majoris 

7 ;  Bootis . 

a  Draconis  . . . . 


+  .  13 

—  1.25 

—  .  17 

—  .67 
+  .09 


a  Tauri . 

a  Camelopardi 

t  Aurigse . 

a  AurigEB . 

/ 3  Orionis . 


—  .30 

—  .45 

—  .56 

—  .12 

+  .57 


e  Leonis 
,u  Leonis 
a  Leonis 
y1  Leonis 
p  Leonis 


+  .49 

—  .50 
+  .  18 

—  .94 

—  .16 


a  Bootis . 

0  Bootis  . 

5  Ursce  Minoris 

e  '  Bootis . 

as  Librrn . 


—  .  74 

—  .50 
+1.35 
+  .27 

—  .67 
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Cepbei  . 

// 

+  .53 

Pegasi . 

+  -21 

Capricorni . 

—1.05 

Aquarii . 

+  .32 

Aurigse . . 

—  .81 

Aquarii . 

+  .07 

Pegasi . . . 

+  .18 

Cepbei . 

+  .27 

Aquarii  . 

—  .81 

Piscis  Australis  . . 

—  .28 

Pegasi . 

—  .28 

Cepbei  . 

+1.  33 

Cepbei . 

+1.  17 

P  Ursas  Minoris  . .. 

8  Bootis . 

/ 3  Libra . 

fj.  Bootis . 

y1  Ursa  Minoris  . . . 

a  CoroDae  Borealis 

a  Serpent  is . 

e  Serpentis . 

f  Ursa  Minoris  - 
(5  Scorpii . 

pl  Scorpii . 

(5  Opbiucbi . 

r  Herculis . 

a  Scorpii . 

77  Draconis . 

77  Herculis . 

k  Opbiucbi . 

a  Herculis . 

44  Opbiucbi . 

P  Draconis . 

a  Opbiucbi . 

fi  Draconis . 

fj.  Herculis . 

ip1  Draconis . 

y  Draconis . . 


// 

+  .34 

y2 

Sagittarii . 

// 

—  .51 

P 

+  .13 

nl 

Sagit.tarii . 

—  .68 

e 

—  .34 

4 

Urs£e  Minoris . 

-f  .28 

—  .67 

V 

Serpentis . 

—  .58 

a 

—  .77 

a 

Lyrse . 

+  .29 

0 

—  .10 

p 

Lyras . 

—  .33 

V 

—  .21 

G 

Sagittarii . 

—  .58 

f 

—  .76 

t 

Aquilse . 

—  .02 

i 

—  .43 

43 

Sagittarii . 

—3. 82 

\ 

—  .22 

r 

Draconis . 

+  .10 

a 

—  .18 

<5 

Aquilas . 

+  .31 

a 

—  .22 

K 

Aquilas . 

—1.81 

0 

—  .51 

y 

Aquilse . 

+  .00 

y 

—  .34 

a 

Aquilse . 

+  .55 

—  .57 

8 

Aquilse . 

—  .92 

—1.01 

a? 

Capricorni . 

—  .11 

+  .23 

K 

Cepbei . 

+  1.57 

+  .81 

7T 

Capricorni . 

—1. 55 

—  .72 

a 

Cygni . 

+  .44 

+  .86 

n 

Aquarii . 

—l.  10 

-1-  .34 

V 

Cygni . 

+  .  11 

+  .73 

61 

Cygm . 

+  .80 

—  .04 

f 

Cygni . 

—  .45 

—  .46 

a 

Cepbei . 

+  .10 

—  .08 

p 

Aquarii . 

+  .13 

Discussion  of  3GG9  residuals  of  stars  most  frequently  observed  in  the  years  187 1-’73 
gives  for  the  probable  error  of  pointing : — 

£  =  V .4354  (A  .0122)  +  .0415  (±  .0070)  VdiPZ. 

The  values  tabulated  according  to  zenith  distance  are  these : — 


z 

£ 

Z 

£ 

£ 

O 

// 

O 

// 

O 

// 

0 

.675 

40 

.696 

60 

.762 

10 

.676 

45 

.  705 

65 

.804 

20 

.679 

50 

.717 

70 

.877 

30 

.685 

55 

.735 

75 

1.02 

Iu  the  final  reductions,  separate  systematic  corrections  have  been  deduced  for  each 
year.  These  are  shown  iu  Table  IS.  With  these  corrections  and  the  following  system 
of  weights,  the  definitive  values  of  C„  ( vide  “Details  of  Corrections  to  Assumed  Dec¬ 
linations”)  have  been  computed  : — 

Weights  for  combination  of  Wn  70-74. 


Number  of 
observations. 

Weight. 

Number  of 
observations. 

Weight. 

1 

1 

8  to  11 

5 

2 

2 

12  to  16 

6 

3 

2.5 

17  to  27 

7 

4 

3 

28  to  51 

8 

5  to  7 

4 

52,  or  more 

9 

[71] 


REPORT  OF  THE  CniEF  ASTRONOMER,  APPENDIX  H. 


477 


Section  VI. 


FIRST  APPROXIMATION  TO  NORMAL  SYSTEM. 

It  will  be  assumed  that  the  catalogues  to  be  used  in  the  formation  of  the  Normal 
System  have  received  all  the  corrections  which  can  be  applied  solely  on  the  authority 
of  the  observations  composing  each  of  them.  It  will  also  be  taken  for  granted  that  the 
correction  furnished  by  a  given  catalogue  to  the  assumed  declination  is  of  the  form: — 


A  d  -}-  A 1 11 


T  —  T 
I  (JO  ’ 


where  A  8  is  the  correction  of  8  for  a  given  epoch,  T  (T'  being  the  mean  epoch  of  each 
catalogue),  and  the  correction  to  the  assumed  annual  variation.  This  course  is 

only  proper  when  the  path  of  proper  motion  does  not  deviate  sensibly  from  the  arc  of 
a  great  circle.  That  there  is  such  deviation  in  the  cases  of  Sirius  and  Procyou  has 
been  pretty  well  established  by  Dr.  Auwers  and  others;  but  these  stars  are  omitted  in 
our  catalogue.  It  is  possible  that  variable  proper  motion  may  ultimately  be  found  in 
the  large  majority  of  cases,  but,  a  few  binary  systems  excepted,  the  evidence  of  such 
variability  at  present  appears  to  be  wanting. 

If  now  no  discrepancies  of  a  constan  t  character  were  found  to  exist  between  the 
determinations  of  different  observatories,  nothing  further  would  remain  except  to  deter¬ 
mine  the  relative  weights,  and  by  means  of  conditional  equations,  derive  a  correction 
for  each  assumed  declination.  On  the  other  hand,  granting  the  existence  of  these  dif¬ 
ferences,  we  should  be  justified  in  adopting  the  same  course,  if  the  declination  of  every 
star  in  a  given  catalogue  were  made  with  equal  weight,  and  if  each  of  the  stars  under 
consideration  had  been  determined  in  each  of  the  authorities.  This,  however,  is  by  no 
means  the  case,  and  in  order  to  prevent  the  undue  influence  of  large  systematic  errors 
in  case  of  stars  for  whose  declinations  there  are  few  authorities,  it  remains  to  be  ascer¬ 
tained  wrhat  corrections  of  a  constant  and  periodic  character  can  be  applied  to  each 
catalogue.  This  can  be  accomplished  by  means  of  comparison  with  standard  declina¬ 
tions,  which  are  free  from  any  such  error. 

From  the  nature  of  the  case  this  standard  can  never  be  attained.  The  best  that 
can  be  done  is  to  consider  the  combined  testimony  of  all  independent  determinations 
available  for  the  purpose.  To  take  any  two  determinations  as  standard,  to  the  exclu¬ 
sion  of  all  others,  would  be  manifestly  an  error,  for  it  would  be  assuming  that  the  weight 
of  these  selected  catalogues  in  comparison  with  the  remainder  is  as  infinity  to  zero, 
while  all  experience  teaches  that  the  best  independent  determinations  of  declination 
are  subject  to  comparatively  large  errors. 

There  is,  however,  great  difference  in  the  quality  of  these  so-called  independent 
determinations,  which  vary  from  such  special  investigations  as  those  of  Kg  21,  Dt  24, 
Ao  30,  and  Pa  45,  where  every  precaution  has  been  exercised  to  remedy  the  inevitable 
defects  of  instruments  by  variety  in  the  circumstances  of  observation,  and  the  utmost 
skill  and  rigor  in  the  computations,  with  determination  of  the  various  elements  of  atmos¬ 
pheric  refraction, — to  those  which  assume  their  refractions  from  alien  authority,  which 
are  made  with  non-reversible  instruments,  and  with  little  attention  to  those  details  of  ob¬ 
servation  and  reduction  so  essential  in  the  delicate  problem  of  measuring  absolute  decli¬ 
nation.  It  seems  but  reasonable  to  suppose  that  declinations  of  the  former  class  are 
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entitled  to  much  greater  confidence  than  those  of  the  latter.  This  I  have  endeavored 
to  express  through  the  following  system  of  weights  to  be  employed  in  the  preliminary 
discussion: — 

Weights. 


Authority. 

Weight. 

Authority. 

Weight. 

Authority. 

Weight. 

Kg  21 

4 

Kg  43 

2 

Gh  57 

2 

Gh  22 

1 

Eh  43 

1 

CGI  1 58 

1 

Dt24 

5 

Gh  45 

2 

Wn  64 

1 

Ao  29 

5 

Pa  45 

10 

Gh  04 

2 

Sh  31 

1 

Re  45 

1 

Ln  07 

8 

CGH33 

2 

Wu  47 

l 

Me  08 

2 

Ce  34 

1 

Ce  48 

1 

Wn  08 

3 

Eh  37 

1 

Gh  51 

1 

Re  08 

2 

Kg  38 

2 

Ps  53 

3 

Gh  70 

2 

Gh  39 

2 

So  55 

1 

Wn  72 

1 

Co  40 

1 

Wo  56 

1 

For  the  purpose  proposed  in  this  section,  weight  zero  was  assigned  to  all  other 
catalogues.  A  few  are  excluded  on  the  ground  that,  although  independent,  their 
weight  is  so  small  that  they  would  merely  encumber  the  computation  with  useless 
material. 

These  weights  are  not  those  which  might  seem  to  be  required  by  comparisons  with 
an  approximate  mean  system,  but  are  derived  from  an  independent  study  of  each  cat¬ 
alogue,  considered  solely  on  the  basis  of  internal  evidence,  with  the  assistance  of  such 
critical  reviews  as  have  been  found  conveniently  accessible. 

They  result  from  careful  study,  but  are  necessarily  arbitrary,  and  can  only  be 
regarded  as  mere  expressions  of  opinion  concerning  the  relative  contribution  made  by 
each  determination  to  the  problem  of  finding  an  absolute  system  of  declinations.  It 
would  therefore  be  superfluous,  and  at  all  events  a  tedious  task  to  mention  in  detail 
the  facts  and  arguments  relied  upon  in  support  of  each  individual  weight. 

It  will  be  sufficient  to  notice  some  of  the  principles  adopted,  which  are  of  general 
application  and  tolerably  definite  and  well  established. 

An  investigation,  founded  on  a  series  of  observations  for  declination,  will  be 
regarded  as  independent,  or  absolute,  in  proportion  to  its  freedom  from  any  assumption 
whatever  founded  upon  results  from  other  series  of  observations,  having  in  view  the 
same  or  any  other  purpose.  Practically,  however,  the  determination  of  aberration, 
nutation,  and  precession  can  be  left  to  special  investigations.  On  the  other  hand,  it 
may  be  doubted  whether  the  constant  of  refraction  or  of  atmospheric  expansion  is 
sensibly  the  same  for  different  regions  and  climates ;  even  if  it  wrere,  in  practical  influ¬ 
ence  on  observations,  much  would  still  depend  upon  local  conditions  and  upon  the 
character  and  situation  of  the  meteorological  instruments.  Add  to  this  the  uncertainty 
of  any  existing  single  determination,  and  it  will  hardly  be  maintained  that  any  series  of 
declination  observations  is  strictly  independent,  which  does  not  include  the  determina¬ 
tion  of  refraction  constant  and  coefficient  of  expansion  for  atmospheric  air,  by  proper 
methods  and  adequate  means,  from  the  observations  themselves. 

Every  series  of  observations  professing  to  give  independent  declinations  should 
contain  satisfactory  evidence  as  to  the  character  and  amount  of  its  instrumental  cor¬ 
rections.  In  this  connection  the  excellence  of  the  mechanical  construction  of  the 
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instrument  becomes  an  important  consideration.  Thus  the  work  of  tlie  older  instru¬ 
ments  labors  under  disadvantage.  It  is  plain  that  tbe  greater  tlie  variety  of  circum¬ 
stances  under  which  an  instrument  may  be  used,  other  things  being  equal,  the  greater 
will  be  the  freedom  from  constant  errors  due  to  instrumental  causes.  Therefore,  results 
from  instruments  which  admit  of  reversal  have  received  the  preference  over  others. 
Furthermore,  when  the  relation  of  the  circle  to  the  telescope  is  so  altered  that  its  read¬ 
ings  for  a  given  zenith  distance  vary  from  year  to  year,  this  has  been  regarded  as  a 
decided  advantage.  This  consideration  becomes  of  less  importance,  however,  with 
finely  graduated  instruments  read  by  a  large  number  of  microscopes.  The  real  advan¬ 
tage  of  reflection  observations  is  supposed  to  be  an  open  question.  It  has  been  ably 
debated  by  Bessel,  Faye,  Dollen,  Airy,  Kaiser,  and  others.  In  cases  where  the  dis¬ 
cordance  Ii  —  D  is  large,  and  not  accounted  for  by  special  investigations  of  the  instru¬ 
ment,  this  circumstance  has  been  regarded  as  just  cause  for  suspicion. 

Where  we  have  a  long  series  of  observations  made  at  the  same  observatory,  or 
with  the  same  instrument,  the  weight  of  each  group  is  considerably  reduced  from  that 
which  would  have  been  assigned  to  it  when  standing  as  the  sole  representative  of  the 
particular  series. 

Thoroughness  and  skill  in  the  methods  of  reduction  were  allowed  to  have  an 
important  bearing  upon  the  decision  of  these  weights. 

Lastly,  the  degree  of  liability  to  fortuitous  errors  is  an  element  which  has  been 
considered.  With  the  older  catalogues  it  is  a  highly  important  one.  The  catalogue 
of  Piazzi,  for  instance,  is  essentially  independent,  but  its  chance  errors  are  such  that 
had  we  been  assured  of  its  entire  freedom  from  systematic  error,  it  would  still  have 
received  a  weight  practically  insignificant  by  comparison  with  the  determinations 
actually  used  in  the  present  discussion.  In  a  less  degree  the  same  is  true  of  Bradley’s 
declinations  for  1755. 

These  weights  were  applied,  without  alteration,  to  all  the  declinations  of  the  respect¬ 
ive  authorities,  where  the  star  wTas  observed  at  least  four  times  at  a  zenith  distance  of 
70°  or  less;  beyond  70°,  weights  were  diminished  by  the  use  of  empirical  factors, 
diminishing  nearly  in  proportion  to  the  reciprocal  of  the  square  of  the  refraction; 
being  zero  for  all  zenith  distances  greater  than  80°,  and  in  cases  where  the  weight 
multiplied  by  the  factor  is  less  than  .5. 

The  results  of  the  various  series  of  determinations  made  by  observatories  in  the 
southern  hemisphere,  were  never  used  beyond  70°  zenith  distance ;  so  that  from  the 
pole  down  to  and  including  a  Virginis,  there  was  no  diminution  of  weights  for  this 
cause. 

The  factors  are  these : 


z 

Factor 

3 

Factor. 

o 

// 

o 

// 

70 

1.0 

76 

.5 

71 

.0 

77 

.4 

72 

.8 

7-S 

.3 

73 

.7 

79 

.3 

74 

.6 

80 

.  2 

75 

.6 
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Two  or  three  observations  received  half-weight;  a  single  observation,  weight  zero. 

Now  while  there  is  great  disparity  in  the  number  of  authorities  relating  to  differ¬ 
ent  stars,  fortunately  a  considerable  number  of  stars  have  been  quite  universally 
observed.  They  are  known  as  the  fundamental  stars,  to  which  may  be  added  a  Persei, 
rj  Ursa  Majoris,  y  Draconis,  /5  Draconis,  y  Ursse  Majoris,  a  (Jassiopem,  a  Cephei,  a  Urste 
Majoris,  /?  Cephei,  /3  Urste  Minoris,  y  Cephei,  7  Ursm  Minoris,  d  Ursse  Minoris,  and 
a  Ursee  Minoris.  These  have  each  been  frequently  observed  in  a  majority  of  the  series 
of  observations  enumerated  above  (Class  I).  It  will  be  possible,  therefore,  in  the  case 
of  these  stars,  without  the  intervention  of  systematic  corrections,  to  compute  declina¬ 
tions  which  shall  be  measurably  free  from  error,  and  thus  answer  the  purpose  of  an 
approximate  normal  system,  to  be  subsequently  revised  and  improved. 

The  results  of  this  preliminary  discussion  are  exhibited  in  Table  I.  The  first 
column  contains  the  name  of  the  star;  the  second  and  third,  respectively,  values  of 
[A  5]  aud  [A  /A]  determined  iu  the  following  manner.  For  each  catalogue  an  equation 
of  condition  was  constructed  of  the  form  : 

^  (IV-1845)  /_c==0 

T  100 

The  values  of  C  are  those  given  in  column  C  of  Table  A,  “  Details  of  Corrections  to 
Assumed  Declinations.”  The  epoch  1845  is  selected  to  facilitate  the  solution  of  the 
equations.  T'  is  the  designation  for  mean  epoch  and  is  sufficiently  indicated  in  the 
numerical  part  of  the  designation  of  the  catalogues  concerned.  These  values  of  [A  <5] 
and  [A  //]  are  those  which  result  from  the  use  of  Gh  1755,  without  final  correction  and 
with  weight  1.  The  fourth  and  fifth  columns  contain  A  <5  and  A  //,  with  Bradley’s 
declinations  excluded;  and  these  values  are  used  in  forming  the  preliminary  system 
of  corrections.  The  sixth  and  seventh  columns  contain,  respectively,  the  probable 
errors  of  the  adopted  A  d  and  A  pJ.  The  eighth  contains  the  probable  error  of  the  unit 
of  weight.  The  last  column  contains  the  approximate  declination  for  1845. 


Table  I. 


Name  of  star. 

[A<3] 

CV] 

AcS 

Ap1 

<1 

to 

eAp' 

E 

6 

a 

VirgiDis  . 

// 

+  .045 

// 

—  .848 

// 

+  .052 

// 

—1.  003 

// 

.055 

// 

.345 

// 

.47 

o 

—10.4 

A 

Ononis . 

+  .193 

—  .  150 

+  .  187 

—  .014 

.062 

.390 

.53 

—  8.4 

a 

Hydras . 

+  .  Ill 

—  .430 

+  .128 

—  .784 

.062 

.387 

.52 

—  8.0 

a 

Aquarii . 

—  .022 

—  .148 

—  .009 

—  .405 

.071 

.441 

.60 

—  1.1 

a 

Ceti . 

—  .  178 

—  .  106 

—  .207 

+  .487 

.055 

.340 

.46 

+  3.5 

A 

Aquilss . 

—  .  149 

—  .493 

—  .  136 

—  .740 

.  055 

.345 

.47 

-f  6.  0 

a 

Serpentis . 

—  .002 

+  .023 

+  .028 

—  .569 

,059 

.366 

.50 

+  6.9 

a 

Orionis . 

+  .022 

—  .075 

-f-  .019 

—  .  020 

.  056 

.349 

.47 

+  7.4 

a 

Aquilae . 

+  .022 

-f  .248 

+  .040 

—  .  104 

.051 

.319 

.43 

+  8.5 

y 

Aquilae . 

—  .005 

—  .  102 

+  .003 

—  .251 

.056 

.348 

.46 

+10.2 

a 

Leonis . 

+  .  052 

—  .  694 

-j-  .  056 

—1.  177 

.062 

.385 

.  52 

+  12.7 

a 

Ophiuchi . 

+  .  105 

—  .217 

+  .  Ill 

—1.046 

.063 

.394 

.53 

+12.7 

y 

Pegasi . 

—  .228 

—  .  226 

—  .231 

—  .  164 

.061 

.  373 

.51 

+14.3 

a 

Pogasi . 

+  .285 

—  .914 

-f  .330 

—1.825 

.038 

.268 

.  35 

+  14.4 

ul 

Ilerculis . 

+  .173 

-f  .  Ill 

-f-  .  197 

—  .  336 

.060 

.372 

.51 

+14.6 

3 

Leonis . 

+  .229 

—1.  844 

+  .259 

—2.441 

.047 

.288 

.39 

+  15.4 

a 

Tauri . 

+  .032 

—  .219 

-f-  .060 

—  .790 

.067 

.  4L5 

.56 

+16.  2 
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Name  of  star. 

[A<5] 

[A/] 

A  J 

A/ 

eAtS 

eA/i' 

E 

(5 

// 

// 

// 

1 / 

// 

// 

u 

// 

a 

Bootis . 

—  .  265 

—1.  378 

—  .234 

—2. 020 

.048 

.297 

.40 

+20.0 

a 

Arietis  .  . . 

—  .  138 

—  .459 

—  .  128 

—  .  649 

.047 

.293 

.40 

+22.  7 

a 

Coronas  Borealis  .... 

—  .007 

—  .016 

—  .018 

—  .996 

.  052 

.345 

.43 

+27.2 

a 

Andromedae . 

—  .  104 

—  .  420 

—  .  144 

—  .904 

.  056 

.  377 

.46 

+28.  2 

p 

Gemiuornm . 

—  .  220 

—  .  164 

—  .206 

—  .430 

.041 

.254 

.34 

+28.  4 

p 

Tauri . 

-  .-297 

—  .  182 

—  .247 

4-  .349 

.047 

.292 

.39 

+28.5 

a 

Lyrae . 

+  .345 

—1. 258 

+  .362 

—1.627 

.044 

.273 

.36 

+38.  6 

a 

Cygni . 

+  .0'27 

—  .800 

+  .031 

—  .880 

.049 

.309 

.40 

+44.7 

a 

Aurigae . 

—  .006 

—  .241 

+  .010 

—  .579 

.063 

.393 

.51 

+45.  8 

a 

Persei . 

—  .  223 

+  .098 

—  .235 

4-  .333 

.063 

.396 

.50 

+49.  3 

V 

Ursae  Majoris . 

+  .090 

—  .899 

+  .  098 

—1.013 

.045 

.276 

.35 

+50. 1 

y 

Draconis . . 

—  .031 

—  .  058 

—  .051 

4-  .347 

.059 

.361 

.46 

+51.  5 

P 

Draconis . 

+  .134 

+  .343 

+  .129 

4-  .411 

.067 

.428 

.47 

+52.  4 

y 

Ursae  Majoris . 

4-  .  192 

—  .164 

+  .  196 

—  .251 

.049 

.301 

.38 

+54.  6 

a 

Cassiopeae . 

+  .024 

—  .  452 

+  .023 

—  .428 

.059 

.366 

.46 

+55.7 

a 

Cephei . 

—  .024 

+  .321 

—  .067 

4-1.682 

.  057 

.  355 

.45 

+61.9 

a 

Ursae  Majoris . 

+  .042 

—  .775 

+  .  025 

—  .454 

.053 

.327 

.41 

+62.  6 

3 

Cepliei . 

+  .060 

—  .088 

—  .014 

4-1.  326 

.038 

.233 

.29 

+69.9 

3 

Ursae  Minoris . 

—  .009 

—  .  099 

—  .070 

+1.  050 

.043 

.263 

.33 

+74.8 

7 

Cepliei . 

•f  .041 

+1. 196 

+  .045 

4-1. 122 

.045 

.279 

.35 

+76.8 

c 

Ursae  Minoris . 

—  .146 

—  .071 

—  .  127 

—  .  393 

.041 

.247 

.31 

+78.  3 

(5 

Ursae  Minoris  _ 

+  .009 

4-  .659 

.  06 

.  20 

+86  6 

Ursae  Minoris  _ _ 

+  .087 

—  .258 

.  03 

10 

+88. 5 

a2 

Capricorni . 

—  .314 

4-  .593 

.072 

.449 

.61 

—13.  0 

a2 

Librae _ _ _ 

+  .063 

—2. 133 

.084 

.  524 

.71 

—15.  4 

Scorpii . . . 

—  .  020 

-f  .353 

.086 

541 

.  45 

—26  1 

a 

Piscis  Australis . 

—  .505 

—  .380 

.  126 

.782 

.49 

—30.  4 

The  weights  assigned  in  the  case  of  the  two  polar  stars  a  and  <5  Ursae  Minoris,  are 
not  those  of  the  table,  since  the  relative  weights  here  depend  on  principles  entirely 
different  from  those  which  have  governed  in  the  selections  of  weights  to  be  used  with 
equatorial  stars.  The  weights  are  those  given  in  column  tt  of  the  tables  for  these  two 
stars. 

The  four  stars  a2  Capriconi,  a2  Librae,  a  Scorpii  and  aPiscis  Australis  are  not  found 
in  ‘‘table  A,”  since  the  subsequent  process  with  these  is  exactly  the  same  as  for  other 
stars  in  the  same  region. 

The  formation  of  normal  places  for  the  limits  —  30°  to  —  90°  declination  is  re¬ 
served  for  a  later  period  of  the  discussion,  and  the  manner  will  be  hereafter  explained. 

By  the  substitution  in  the  equations  of  condition  of  the  values  of  Jo  and  A  jj.'  con¬ 
tained  in  columns  four  and  five,  we  derive  the  numbers  in  column  “r”,  table  A, 
“Details  of  Corrections,”  etc.  These  are  the  corrections  to  the  catalogue  declinations 
given  by  the  approximate  Normal  System.  These  are  arranged  for  each  catalogue  in 
the  order  of  declinatiou,  and  from  them  systematic  corrections  derived,  which  are 
exhibited  in  Table  II 
31 
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Table  II. 

Preliminary  systematic  corrections  to  f  undamental  catalogues ,  derived  through  comparison 
with  the  declinations  of forty  four  fundamental  and  circumpolar  stars. 


« 

Kg  21. 

si 

■a 

<3 

CM 

4-3 

p 

Ao  29. 

CO 

w 

m 

C.  G.  H.  33. 

Ce  34. 

Eh.  37. 

Kg  38. 

Gh  39. 

Ce  40. 

Kg  43. 

Eh  43. 

LO 

A 

o 

Pa  45. 

© 

S 

o 

II 

II 

II 

II 

H 

II 

II 

1/ 

II 

1/ 

II 

II 

II 

II 

II 

II 

o 

-30 

00 

[-1.05 

00 

40 

[-2. 

-.40 

00 

00 

-30 

-28 

00 

[-1.07 

00 

40 

-2.  00 

40 

00 

00 

-28 

-26 

[-.  26 

00 

|-1.  09 

00 

-.40 

00 

f-1.  90 

-1.  54 

40 

00 

00 

-26 

-24 

26 

00 

[-1. 11 

00 

-.40 

00 

-1.  85 

-1.33 

40 

00 

00 

00 

-24 

-22 

h  25 

00 

1. 10 

-1. 13 

00 

-.40 

00 

81.80 

|-1. 17 

40 

00 

00 

00 

- 

b7l 

-22 

-20 

h  25 

00 

_ 

.94 

-1.22 

hi.  15 

00 

-.40 

00 

hi.  65 

-1.  04 

-.40 

00 

00 

00 

k  51 

- 

k  68 

-20 

-18 

-.  25 

00 

_ 

.82 

-1. 03 

-1.17 

00 

-.40 

00 

-1.  50 

-  .93 

-.40 

00 

00 

00 

-.50 

-.  65 

-18 

-16 

-.  25 

00 

— 

.72 

-  .90 

-1.19 

00 

-.40 

00 

-1.38 

-  .85 

-.  40 

00 

00 

- 

-.  04 

-.  50 

- 

-.61 

-16 

-14 

-.  24 

00 

— 

.65 

-  .80 

-1.21 

00 

-.40 

00 

-1.20 

-  .  76 

-.40 

00 

- 

-.10 

- 

-.08 

-.50 

- 

-.58 

-14 

-12 

[-.24 

00 

- 

.59 

-  .72 

+1.23 

00 

-.40 

00 

1-1.18 

h  .70 

-.40 

00 

-1 

[-.22 

J 

h  12 

h  49 

h.  56 

-12 

-10 

b.24 

00 

_ 

.54 

—  .  65 

r  .94 

k  25 

-.40 

h-  07 

LI.  10 

h  .65 

-.40 

00 

H 

h.  40 

k  16 

k  49 

h-  54 

-10 

-  8 

24 

CO 

— 

.51 

-  .60 

-  .97 

-.  20 

-.  41 

-.  06 

-1.  04 

-  .60 

-.41 

02 

-.39 

-.16 

-.49 

-.51 

-  8 

-  6 

k  24 

00 

— 

.47 

-  .55 

-1.00 

-.16 

-.42 

-.05 

-  .98 

-  .55 

-.42 

-.05 

-.39 

-.  16 

-.48 

-.48 

-  6 

-  5 

23 

00 

— 

.45 

-  .53 

-1.  02 

-.16 

-.42 

-.  04 

-  .92 

-  .53 

-.42 

-.  06 

-.38 

-.  16 

-.48 

-.  46 

-  5 

4 

-.  23 

00 

— 

.44 

-  .51 

-1.  07 

-.  15 

-.  43 

-.04 

-  .88 

-  .51 

-.43 

-.  07 

-.38 

-.16 

-.48 

-.  42 

-  4 

2 

-.23 

00 

_ 

.4) 

-  .48 

-1.09 

-.15 

-.44 

-.  03 

-  .81 

-  .48 

-.  44 

L.  09 

-.37 

-.16 

-.47 

-.  33 

-  2 

0 

-.23 

00 

— 

.39 

-  .45 

-1.  12 

-.09 

-.45 

-.02 

-  .74 

h  -44 

-.45 

-.  10 

-.37 

-.16 

-.  47 

-.  24 

0 

-  2 

-.  23 

00 

— 

.37 

-  .42 

-1.  16 

-.  03 

-.46 

-.01 

-  .68 

h  -G 

-.46 

- 

L.ll 

-.35 

-.17 

-.  46 

-.14 

-  2 

-  4 

-.22 

00 

— 

.35 

-  .40 

-1. 17 

-.02 

-.48 

00 

-  .62 

-  .39 

-.48 

_ 

r.  12 

-.33 

-.  18 

-.46 

-.05 

-  4 

-  5 

-.  22 

00 

— 

.34 

-  .39 

-1.18 

-.08 

-.49 

-.00 

-  .58 

-  .37 

-.49 

L.  13 

-.  32 

-.18 

-.45 

00 

-  5 

-  6 

-.  22 

00 

— 

.33 

-  .38 

-1.19 

-.13 

-.50 

-.01 

-  .55 

-  .36 

-.50 

- 

14 

-.31 

- 

-.18 

-.44 

-.04 

-  6 

-  8 

r.  21 

00 

— 

.32 

-  .36 

-1.21 

-.21 

-.52 

-.02 

-  .47 

-  .34 

-.52 

-.  15 

-.  29 

-.  19 

L.  44 

-.12 

-  8 

-10 

-.21 

00 

- 

.30 

-  .34 

-1.24 

-.30 

-.53 

-.03 

+  .43 

h  .31 

-.53 

r.  16 

+.27 

[-.  20 

h.  43 

-.20 

hio 

+15 

- 

h-19 

00 

_ 

.27 

-  .31 

+1.31 

-.31 

-.58 

-.06 

h  .28 

h  .26 

-.61 

H 

h.  18 

h-  20 

+.21 

+.41 

-.34 

+  15 

+20 

-.18 

00 

— 

.24 

-  .28 

+1.44 

-.08 

-.63 

-.09 

-  .  14 

-  .22 

-.70 

n 

-.20 

-.14 

+.22 

-.  39 

-.47 

[-20 

+  25 

-.  17 

00 

— 

.22 

-  .25 

l1.  53 

+.  12 

-.  70 

-.  11 

-  .05 

-  .18 

-.78 

- 

-.21 

-.07 

- 

L.  17 

-.  37 

-.56 

-25 

r30 

-.  16 

00 

— 

.20 

-  .22 

hi.  52 

+.  05 

-.75 

-.14 

-  .07 

-  .14 

-.82 

- 

r-  23 

00 

- 

-.12 

r.  34 

-.60 

-30 

-35 

-.  14 

00 

— 

.18 

-  .20 

hi.  34 

-.20 

-.75 

-.17 

-  .14 

-  .  11 

-.80 

- 

-.  24 

-.05 

+.  05 

-.31 

-.  50 

-35 

-40 

-.13 

00 

— 

.16 

-  .18 

-1.12 

-.60 

-.70 

-.20 

-  .22 

-  .07 

-.78 

- 

-.26 

-.10 

-.02 

-.  29 

-.28 

[-40 

-45 

-.  12 

.  14 

—  .16 

_1.  02 

-.  61 

-  9-7 

-  .  28 

-  .  04 

— .  66 

- 

27 

13 

-  06 

26 

10 

r45 

-50 

-.n 

_ 

.  13 

-  .15 

h  .94 

-.53 

-.25 

-  .28 

-  .01 

-.54 

L 

h-  29 

-.  10 

-.10 

-.  23 

(-.  02 

-50 

-55 

-.  06 

— 

.  11 

-  .  13 

-  .98 

-.41 

-.27 

-  .19 

00 

-.45 

- 

-.  30 

-.05 

-.05 

L.  20 

-.08 

-55 

-GO 

00 

_ ... 

— 

.  10 

-  .  11 

-1.07 

.  .  -  .  . 

-.30 

-.30 

-  .  10 

00 

-.27 

00 

00 

-.  17 

-.12 

-60 

-65 

00 

.08 

—  .09 

-1.  21 

24 

27 

00 

00 

13 

00 

00 

14 

23 

-65 

[-70 

00 

.  07 

—  .08 

18 

-.25 

-  .  10 

00 

00 

00 

00 

k  11 

58 

-70 

-75 

00 

.05 

-  .06 

13 

19 

-  .05 

00 

00 

00 

00 

r.  08 

76 

[—75 

-80 

00 

.  04 

—  .04 

-.  09 

13 

00 

00 

CO 

00 

00 

05 

-.80 

[-80 

-90 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

-90 

*  The  correction  to  S.  H.  31  is  applicable  to  the  declinations  as  printed  in  the  catalogue. 


Note. — These  corrections  are  applicable,  of  course,  to  the  catalogues  as  affected  by  the  preliminary 
corrections  explained  in  Section  V. 
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& 

■'?* 

p 

* 

CO 

© 

1—4 

VO 

a 

O 

ei 

in 

OT 

PS 

in 

m 

o 

C D 

c© 

IT} 

a 

£ 

r- 

VO 

.a 

O 

C.G.H.58. 

Tt* 

c© 

p 

fs 

CO 

5 

t"' 
c © 

►3 

Me  68. 

OO 

c© 

p 

£ 

CO 

CO 

© 

Ph 

© 

t- 

O 

c4 

r- 

P 

* 

6 

o 

n 

II 

a 

// 

n 

„ 

// 

II 

II 

II 

// 

n 

II 

ri 

II 

n 

O 

-30 

CO 

+  .72 

+.28 

00 

-.20 

-.24 

-.27 

4-1.  04 

00 

—  30 

-28 

-.  05 

00 

00 

+.  50 

+  .28 

-.05 

+.30 

20 

-.24 

00 

00 

-.26 

-  .97 

—  25 

-1.40 

CO 

-28 

-26 

-.  10 

00 

00 

+  .29 

+  .  28 

10 

+  .  50 

-.20 

-.24 

CO 

00 

-.26 

+  .92 

—  25 

-1.37 

00 

-20 

-24 

— .  15 

00 

00 

+.  15 

4-»  28 

15 

+  .30 

-.20 

24 

00 

00 

-.25 

+  .87 

-.25 

-1.34 

00 

-21 

|  -22 

-.20 

00 

00 

+  .02 

+  .28 

-.20 

+  .50 

-.20 

-.24 

00 

00 

—  24 

+  .83 

-.25 

-1.  31 

CO 

-22 

-20 

-.23 

00 

00 

-.03 

+  .28 

+  • 

-.20 

-.24 

00 

00 

-.24 

+  .79 

-.25 

-1.28 

00 

-20 

-18 

-.30 

00 

00 

-.09 

+  .28 

-.30 

+  .30 

-.  20 

-.24 

00 

00 

-.23 

+  .75 

-.25 

-1.24 

00 

-18 

-10 

-.  35 

00 

00 

—.17 

+.28 

-.35 

+.  30 

-.20 

— .  24 

00 

00 

23 

+  .72 

-.  25 

-1.21 

00 

-10 

i  -14 

-.40 

00 

00 

-.24 

+.23 

-.  40 

+.30 

-.  20 

-.21 

-.06 

03 

-.22 

+  .70 

25 

-1. 10 

00 

-11 

!  ~U 

-.  45 

00 

00 

-.29 

+.28 

-.45 

+.  30 

-.20 

-.24 

-.12 

00 

-.22 

+  .67 

-.  25 

-1.12 

-.05 

—  12 

-to 

-.50 

-.30 

+.05 

-.34 

+.28 

-.50 

+.30 

-.20 

-.24 

-.18 

+  .  13 

-.22 

+  .65 

-.20 

-1.08 

-.  10 

-10 

-  8 

-.  4!) 

-.29 

+.06 

32 

+  .28 

-.52 

+.30 

-.20 

-.25 

-.  14 

+  .  10 

-.21 

+  .03 

-.29 

-1.  03 

-.  10 

-  8 

-  6 

-.48 

-.28 

+.08 

-.30 

+  .  28 

-.  50 

+  .30 

-.20 

-.25 

-.11 

+.07 

-.20 

+  .61 

-.32 

-  .98 

-.  10 

—  6 

-  5 

-.  47 

-.27 

+  .08 

-.29 

+.28 

-.  49 

+  .  30 

-.20 

-.25 

-.69 

+  .  05 

-.20 

+  .60 

— .  34 

-  .90 

-.  10 

—  5 

-  4 

-.  47 

-.27 

+  .09 

-.28 

+.28 

-.49 

+'.  30 

-.20 

-.26 

-.07 

+  .04 

-.20 

+  .59 

-.30 

-  .94 

-.  10 

-  4 

_  o 

-.46 

-.26 

+  .11 

-.26 

+.2  1 

~.  47 

+.30 

-.20 

-.26 

-.04 

+.01 

-.20 

+  .57 

-.39 

-  .89 

-.  10 

-  2 

0 

-.45 

— .  25 

+  .  12 

-.24 

+.28 

-.46 

4-.  30 

-.20 

-.27 

00 

-.02 

-.  19 

-j-  .  5G 

-.42 

-  .84 

-.  10 

0 

1  +  2 

-.44 

-.25 

+.14 

-.22 

+.28 

45 

+.30 

-.20 

-.  28 

+  .  03 

—  05 

-.  18 

+  .54 

-.44 

-  .80 

-.  11 

+  2 

-.42 

-.25 

+  .16 

-.  20 

+.28 

-.43 

+  .30 

-.  19 

-.28 

+.06 

—  08 

-.  18 

+  .53 

-.46 

-  .75 

-.  13 

+  4 

I  +  5 

-.41 

-.25 

+  .17 

-.  19 

+  .28 

-.  42 

-j~.  oO 

-.  19 

-.28 

+  .08 

-.  10 

-.  17 

+  .52 

-.40 

-  .73 

-.  13 

+  5 

+  o 

-.41 

-.  25 

+  .17 

-.  18 

+.28 

41 

+.30 

-.  19 

-.29 

+  .10 

12 

-.17 

+  .51 

-.46 

-  .71 

-.  14 

+  6 

+  8 

-.39 

-.25 

+  .18 

-.  16 

+.28 

-.39 

+  .30 

-.  17 

-.29 

+  .13 

-.  15 

-.  16 

+  .50 

-.48 

-  .06 

-.  10 

+  8 

+  10 

-.38 

-.25 

+.18 

-.  14 

+.28 

-.38 

+.30 

— .  15 

-.30 

+  .16 

-.  18 

-.  10 

+  .49 

-.50 

-  .62 

-.17 

+10 

15 

-.34 

-.32 

+.17 

-.09 

+.28 

-.34 

+  .30 

-.10 

-.29 

+  .18 

-.26 

-.  13 

+  .46 

-.50 

-  .53 

-.  18 

15 

20 

-.30 

-.40 

+  .10 

-.04 

+.28 

-.30 

+  .30 

-.06 

-.26 

+.20 

-.  29 

-.11 

+  .43 

-.46 

—  .  45 

-.30 

20 

25 

-.26 

-.50 

+  .01 

+  .01 

+.28 

-.25 

+  .33 

— .  "9 

-.21 

+.17 

-.30 

-.07 

+  .40 

-.37 

-  .38 

-.20 

25 

30 

-.22 

-.60 

-.03 

+  .06 

+.28 

-.21 

+  .  30 

-.  12 

-.  16 

+.14 

-.30 

-.02 

+  .38 

-.26 

-  .34 

-.20 

30 

35 

-.  18 

— .  65 

1  l 

+  .11 

+.28 

-.  17 

+.30 

-.22 

-.08 

+.09 

-.30 

+.06 

+  .36 

-.  15 

-  .31 

-.20 

35 

40 

-.  14 

-.  70 

-.15 

+  .16 

+.28 

-.13 

+.30 

00 

+  .04 

-.30 

+  .20 

+  .33 

-.04 

-  .29 

-.20 

40 

45 

— .  10 

— .  66 

— .  14 

_i_  90 

— .  07 

4-.  29 

00 

00 

— .  30 

4-  .  31 

-4-.  06 

.  2ft 

20 

45 

50 

-.06 

-.62 

—.13 

+  .28 

-.02 

+.28 

00 

00 

-.28 

+  .29 

+  .13 

-  .28 

-.20 

50 

55 

-.  01 

-.51 

-.  11 

+  .30 

+.07 

+  .26 

00 

00 

-.25 

_ _ _  . 

+  .26 

+  .17 

-  .28 

-.18 

55 

60 

+  .04 

-.40 

10 

+.33 

+  .  17 

4-.  25 

00 

00 

-.21 

+  .23 

+  .21 

-  .28 

-.17 

60 

65 

+.12 

27 

08 

+  .  31 

+  .26 

+.23 

00 

00 

-.  16 

+  .21 

+  .22 

-  .20 

13 

65 

to 

+  .  20 

15 

-.06 

+  .30 

+.  29 

i  22 

00 

00 

-.10 

...... 

+  .  17 

+.18 

-  .25 

-.  10 

70 

75 

+  .26 

-.07 

-.04 

+.22 

. 

+.28 

+  .16 

00 

00 

00 

+  .14 

+  .09 

-  .20 

-.  05 

75 

80 

4*  •  25 

00 

-.03 

+  .15 

...... 

+.  20 

00 

00 

00 

+  .10 

00 

-  .16 

00 

80 

!W 

+  .10 

00 

00 

00 

+.20 

00 

00 

00 

00 

+  00 

00 

00 

00 

90 

*  The  correction  actually  used  by  mistake  for  Ce  48  between  the  limits  of  —  13°  and  —  30°  was  +".13. 
t  As  actually  used,  the  correction  from  — 13°  to  —30°  was  about  —".20.  See  explanation  (p.  69). 


Tlie  following  explanations  will  serve  to  show  the  manner  of  computing  these 
corrections.  As  the  points  ot’  comparison  were  relatively  few,  sudden  fluctuations  in 
the  values  of  the  correction  are  to  be  avoided,  unless  they  seem  to  be  completely 
justified  by  the  testimony  of  the  observations.  Whenever  a  general  expression  such 
as  a  (sin  Z  +  sin  Z'),  or,  a  (tan  Z  +  tan  Z '),  (where  Z'  is  the  zenith  distance  of  the 
pole),  was  found  to  represent,  approximately,  the  residuals,  r,  it  was  adopted.  In  the 
derivation  of  the  corrections  from  —10°  to  +90°  declination,  only  stars  within  those 
limits  were  used.  From  —10°  to  —34°,  the  corrections  are  very  rough  approxima¬ 
tions,  there  being  but  four  standard  declinations  within  these  limits  to  control  the 
curves.  In  fact,  the  curves  were  continued,  in  many  cases,  according  to  the  law 
adopted  for  them  within  the  limits  +90°  to  —10°,  where  this  course  was  not  too 
strongly  opposed  to  the  residuals  given  by  the  four  southern  stars.* 

We  proceed  to  notice  such  peculiarities  in  the  individual  corrections  as  appear  to 
be  worthy  of  remark. 

*  The  methods  used  in  deducing  some  of  the  corrections  of  Table  II.  are  not  entirely  satisfactory  to 
the  writer,  but  were  rendered  practically  unavoidable  for  reasons  which  are  given  iu  the  introductory. 
(See  p.  [4].) 
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Kg  21.  I  have  supposed  that  the  systematic  error  in  this  catalogue  is  more  likely 
to  be  due  to  error  in  the  constant  of  flexure  employed  than  to  anything  else.  This  is 
found  to  correspond  well  with  the  residuals.  Assuming  the  correction  to  be  of  the 
torm,  a  (sin  Z  +  sin  Z'),  we  have  for  a  +  ".16,  The  use  of  this  formula  was  continued 
to  the  extreme  southern  limit. 

Gh  22.  The  correction  is  so  small  and  so  uncertain,  that  zero  has  been  adopted  for 
all  declinations. 

Dt  24.  The  correctiou  is  assumed  to  be  of  the  form  x  where  p  and  p'  are 

respectively  the  mean  refractions  for  a  given  star  and  the  pole.  We  have  : 

x  =  -  .299 

The  Dorpat  observations  are  reduced  with  a  refraction  constant  which  is  Bessel’s 
multiplied  by  .99545.*  From  the  formula  we  shall  have  as  the  true  factor,  .99545  X 
1.0U299  =  .99843.  The  following  table  shows  the  agreement  of  the  formula  with  the 
means  of  the  several  groups  of  residuals. 


Mean  <5  of 
group. 

Number 

ofstars. 

Mean  value 
of  r. 

Formula. 

Residual. 

o 

// 

// 

// 

—  8.9 

3 

—  .49 

—  .53 

—  .04 

+  5.2 

G 

—  .53 

—  .34 

+  .19 

+  13.8 

8 

—  .21 

—  .27 

—  .06 

+  25.8 

G 

—  .03 

—  .22 

—  .  19 

+  43.  0 

3 

—  .  17 

—  .  15 

+  .02 

+  52.3 

5 

—  .25 

—  .  13 

+  .12 

-f-  C2.3 

2 

—  .  18 

—  .  10 

+  .08 

+  75.0 

4 

—  .08 

—  .06 

+  .02 

Ao  29.  The  process  with  this  correction  was  exactly  similar  to  that  pursued  with 
Dt  24.  We  have:— 

x  =  -  .333 

and  the  following  comparison  : — 


Mean  d  of 
group. 

Number 
of  stars. 

Mean  value 
of  r. 

Formula. 

Residual. 

o 

// 

// 

// 

—  8.9 

3 

—  .58 

—  .02 

-  .04 

-t-  5. 2 

G 

—  .34 

—  .39 

-  .05 

+  13.8 

8 

—  .36 

_  #  ;  ;2 

+  .04 

+  25.8 

G 

—  .33 

—  .  25 

+  .08 

+  43.0 

3 

—  .28 

—  .  17 

+  -11 

+  52.3 

6 

—  .03 

—  .  14 

—  .  11 

+  G2.3 

2 

—  .02 

—  .  10 

—  .07 

+  75.0 

4 

+  .06 

—  .06 

—  .11 

S.  H.  31.  From  declination  +CG°  to  —10°,  the  curve  was  formed  by  adding  to  the 
numbers  given  by  Dr.  Auwers  for  S.  EL  31  [Ast.  Nach.  Bd,  G4,  S.  378),  the  difference 
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between  the  correction  just  deduced  for  Ao  29  and  that  given  by  Dr.  Auwers  (ibid.),  the 
difference  being  taken  in  tbe  sense  Normal— Auwers.  For  the  limits  —10°  to  —30°, 
the  catalogue  places  corrected  to  Bessel’s  refraction,  were  taken  without  change. 

0.  G.  H.  33.  The  correction  for  this  catalogue  was  formed  in  precisely  the  same 
manner  as  that  of  S.  H.  31,  and  between  the  limits  —10°  and  —30°,  correction  zero  is 
arbitrarily  adopted. 

Ce  34.  The  residuals  were  plotted  on  a  convenient  scale  as  ordinates,  both  singly 
and  in  groups,  with  the  mean  declinations  as  abscissae.  A  curve  of  the  simplest  form 
was  then  drawn  by  hand,  passing  as  nearly  as  possible  through  the  mean  of  the  points. 

Eh  37  and  Eh  43.  Constructed  on  similar  principles  to  that  of  Ce  34. 

Kg  38.  A  hand-curve  was  drawn,  but  was  found  to  be  very  uncertain. 

Gh  39.  In  the  interval  4  90°  to  4  52°,  the  correction  zero  was  assumed.  The 
remaining  interval  is  well  represented  by  the  formula,  —  ".Gl  tan  Z,  which  is  adopted. 

Ce  40  and  Ce  48.  Process  same  as  for  Ce  34. 

Kg  43.  The  formula  of  correction  assumed  is : — 


K+  y. 


p 

100' 


The  values  derived  are  these :  K  =  +  ".30  4  ".09 ;  *  =  —  .24  4  .15.  The  correc¬ 
tion  zero  is  assumed  between  the  limits  —  10°  and  —  30°,  though  from  the  formula  a 
small  minus  correction  would  result. 

Pa  45.  The  adopted  form  of  correction  is  a  (sin  Z  4  .503),  the  decimal  number  being 
the  approximate  sine  of  the  co-latitude.  This  would  closely  represent  the  effect  of  an 
error  in  the  adopted  coefficient  of  sine  flexure.  There  is  room  for  reasonable  doubt 
whether  the  constancy  of  the  coefficient  of  flexure  can  be  relied  upon  where  the  ocular 
and  objective  are  interchanged  as  at  Poulkova.  At  any  rate,  as  will  appear  from  the 
subjoined  table  of  comparison,  this  formula  accounts  very  accurately  for  the  difference, 
Normal  —  Poulkova.  The  value  of  the  constant  is  4  ".341  4  ".015: — 


Mean  6  of 
group. 

Number  of 
stars. 

Mean  value 
of  r. 

Formula. 

Residual. 

// 

// 

// 

—  8.9 

3 

4  .49 

4  .49 

.00 

4  5.2 

6 

4  -43 

4  -45 

4  .03 

4  1:5.8 

8 

4  .48 

4  .42 

—  .06 

4  25.8 

6 

4  .31 

+  .36 

4  .05 

4  43.0 

3 

4  .25 

4  .27 

4  .02 

4  52.3 

6 

4  •  16 

4  .21 

4  .05 

4  62.  3 

2 

4  .38 

4  .16 

—  .22 

4  75.0 

4 

—  .02 

4  .08 

4  .10 

The  use  of  this  formula  is  continued  to  the  southern  limit. 

Gh  45.  A  simple  hand-curve  is  drawn. 

Re  45.  Owing  to  the  large  probable  error  of  this  authority,  and  the  uncertainty  of 
the  curve,  a  comparison  with  Pa  45  and  Gh  45  is  instituted  for  every  star  in  common 
with  these  catalogues  and  that  at  the  end  of  this  paper.  The  comparisons  are  included 
within  the  limits  4  90°  and  —10°  declination,  and  are  in  the  sense  of  corrections  to 
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Re  45.  The  weights  were  adopted  without  reference  to  the  number  of  observations  in 
Pa  45  or  Gh  45,  unless  the  number  iu  the  former  is  less  than  4  and  in  the  latter  less 
than  5.  With  this  exception,  the  weights  are  these: — 


Observations 
in  Re  45. 

Weight. 

1 

.4 

2 

.  <; 

3  or  4 

.8 

5  or  more 

1.0 

These  were  multiplied  by  .5  when  the  number  of  observations  iu  either  of  the  other 
catalogues  is  1,  by  .7  when  in  Gh  45  the  number  is  2,  by  .8  when  in  Pa  45  the  number 
is  either  2  or  3,  and  in  Gh  45,  3  or  4.  It  was  seldom  necessary  to  use  these  factors. 
The  following  table  contains  in  the  first  column  the  mean  declinations  of  the  groups 
Ta — Re;  in  the  second,  the  mean  residual  Pa — Re  for  each  group;  in  the  third,  the 
weight;  in  the  fourth,  the  probable  error  of  the  unit  of  this  weight  determined  from 
each  group. 

The  fifth,  sixth,  and  seventh  columns  contain  corresponding  particulars  for  Gh  45 — 
Re  45,  omitting  the  probable  errors,  which  were  not  determined.  The  eighth  and  ninth 
columns  show  respectively  the  sums  of  numbers  in  columns  two  and  six  added  to  the 
corresponding  corrections  of  Pa  45  and  Gh  45,  tahen  from  Table  II.  The  tenth  column 
contains  the  means  of  columns  eight  and  nine,  giving  the  numbers  iu  column  eight 
double  weight  except  for  the  first  group.  From  this  last  column  the  curve  of  correc- 
tion  is  constructed  graphically  by  the  usual  method. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

O 

—  8.4 

// 

-  .33 

6 

// 

+  .60 

o 

—  8.  G 

// 

+  .40 

8 

// 

+  .16 

// 

+  .56 

// 

+  .36 

—  0.8 

+  .15 

6 

.  45 

—  1.3 

+  .53 

9 

+  .62 

+  .69 

+  .64 

+  3.5 

—  .  78 

5 

.41 

+  3.6 

—  .60 

6 

—  .32 

—  .43 

—  .36 

+  8.1 

—  .66 

15 

.31 

+  8.0 

—  .  18 

15 

—  .22 

CO 

—  .15 

+  13.7 

—  .77 

0 

.43 

+  13.6 

—  .41 

10 

—  .36 

—  .20 

—  .31 

+  18.  1 

—  .42 

6 

.46 

+  18.3 

—  .23 

6 

—  .02 

—  .01 

—  .02 

+  22.  8 

—1. 10 

9 

.48 

+  22.  9 

—  .89 

9 

—  .72 

—  .70 

—  .71 

+  28.0 

—  .87 

7 

.40 

+  28.1 

—  .57 

6 

—  .52 

—  .43 

—  .49 

+  35. 1 

—1.34 

5 

.46 

+  35. 1 

—  .81 

3 

—1.03 

—  .76 

—  .94 

+  41. 1 

—  .68 

20 

.45 

+  41.4 

—  .03 

22 

—  .40 

—  .06 

—  .29 

+  47.2 

—  .34 

19 

.44 

+  47.2 

+  .22 

24 

—  .09 

+  .14 

—  .01 

+  52.  0 

—  .24 

12 

.35 

+  51.8 

+  .12 

15 

—  .02 

+  .04 

00 

+  56.  8 

—  .07 

10 

.61 

+  56.7 

+  .15 

14 

+  .  12 

+  .12 

+  .12 

+  61.0 

—  .07 

13 

.21 

+  60.6 

+  .06 

21 

+  .09 

+  .06 

+  .08 

+  66.0 

+  .01 

6 

.  13 

+  66. 1 

+  .26 

9 

+  -14 

+  .26 

+  .18 

+  70.0 

+  .66 

11 

.32 

+  70. 1 

+  .64 

10 

+  .  76 

+  .66 

+  .73 

+  76.  5 

+1.05 

7 

.33 

+  76.8 

+  .52 

9 

+1. 12 

+  .52 

+  .92 

L83.  8] 

[—  -12] 

[7] 

. 

[85.7] 

[+  •  32] 

U] 

The  correction  of  the  table  is  not  considered  applicable  between  the  limits  S0°  and 
90°  declination  when  stars  are  observed  both  above  and  below  the  pole.  Between 
the  limits  —10°  and  —22°  the  curve  was  constructed  by  the  help  of  Dr.  Auwers’s 
table  ( Ast .  Nach .,  Bd.  04).  Search  for  terms  in  the  declination  correction  of  Re  45, 
which  depend  upon  the  right  ascension  of  the  star  for  their  magnitude,  failed  to  dis- 
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cover  any  which  it  was  thought  sate  to  apply.  Dr.  Gould  finds  a  considerable  cor¬ 
rection  of  this  kind  (Asb  Nacli .,  Ed.  65,  s.  182),  and  Dr.  Auwers  (Ast.  Nach .,  Bd.  64, 
8.  335)  finds  by  comparison  with  Ao  29:  +  ".285  sin  a  —  146  cos  a.  My  comparison 

includes  stars  between  —  10°  and  +  71°  declination,  and,  after  subtracting  the  differ¬ 
ence  of  declination  corrections  from  the  separate  differences  Pa  —  Re  and  Gh  —  Re,  I 
find : — 


Pa  45  —  Re  45. 

Gh  45  —  Re  45. 

Mean  a 

Weight. 

Difference. 

Mean  a 

Weight. 

Difference. 

of  group. 

of  group. 

h. 

II 

h. 

// 

0.2 

14 

—  .11 

0.1 

17 

—  .02 

2.2 

17 

-f  .10 

2.2 

18 

+  .21 

4.2 

13 

+  .13 

4.2 

13 

+  .21 

5.8 

11 

—  .  12 

5.8 

13 

—  .18 

8.1 

10 

+  .01 

8.1 

11 

+  .06 

10. 1 

15 

-  .38 

10.  1 

14 

—  .52 

12. 1 

8 

—  .01 

12.2 

14 

+  .01  V 

14.0 

11 

.00 

14.1 

14 

+  .37 

16.0 

15 

—  .30 

16.0 

16 

—  .25 

18.0 

8 

—  .34 

18.0 

12 

+  .  15 

19.9 

15 

+  .02 

19.9 

18 

+  .  26 

22. 0 

15 

—  .06 

22.0 

24 

+  .20 

Wn  47,  Wn  56,  Wn  64.  The  corrections  were  derived  by  the  graphical  process. 
None  of  these  curves  are  very  certain  for  declinations  north  of  40°. 

Gh  51,  Gh  57,  and  Gh  64,  Ps  53,  C.  G.  H.  58,  Ln  67,  Re  68,  and  Wn  72  were  also 
discussed  by  means  of  hand-curves. 

So  55.  A  uniform  value  of  the  correction  was  adopted,  since  sufficient  material  for 
drawing  the  curve  with  requisite  certainty  was  not  available. 

Me  68  and  Wn  68.  Comparison  with  the  residuals  r  shows  that  the  results  of  the 
discussion  of  Washington  and  Melbourne  declinations  (p.  68)  answer  sufficiently  well 
for  the  first  approximation  to  their  respective  corrections.  This  opinion  is  supported 
by  the  final  discussions. 

Gh  70.  The  empirical  formula  a  (sin3  Z+  sin3  Z'),  which  differs  little  in  practical 
effect  from  that  employed  with  Dt  24  and  Ao  29,  though  it  does  not  very  closely  rep¬ 
resent  the  mean  values  of  r,  is  adopted.  Discussion  of  the  separate  residuals  gives  for 
a  —  1".17.  The  comparison  with  means  is  as  follows  : — 


Mean  d  of 
group. 

Number 
of  stars. 

Mean  r. 

Formula. 

C — 0. 

o 

—  8.9 

3 

II 

—  1.12 

II 

—  1.05 

II 

+  .07 

+  5.2 

6. 

—  .74 

—  .73 

+  .01 

+  13.8 

8 

—  .  33 

—  .55 

—  .22 

+  25.  8 

6 

—  .35 

—  .39 

—  .04 

+  43.0 

3 

—  .38 

—  .29 

+  .09 

+  52.3 

6 

—  .50 

—  .28 

+  .22 

+  62.  3 

2 

—  .37 

—  .27 

+  .  10 

+  75.0 

4 

—  .  46 

—  .  20 

+  .  26 
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If,  for  instance,  observations  Lave  been  corrected  by  the  formula  a  sin  Z  cos2  Z, 
when  tlie  true  formula  is  a  sin  Z ,  then  the  correction  a  sin3  Z  would  be  required  for  the 
polar  distances,  as  published.  The  average  correction  to  zenith  distances  by  direct 
observation  during  the  years  18G8-’72  for  R  —  I)  is 

+  ".75  sin  Z  cos2  Z. 

If  we  suppose  that  this  correction  should  have  been  approximately  +  ".75  sin  Z ,  then 
declinations  would  require  the  correction  —  ".75  sin3  Z  +  (the  proper  correction  for  lat¬ 
itude). 

It  is,  however,  probable  that  a  great  part  of  the  correctiou  is  due  to  error  in  the 
adopted  constant  of  refraction, 

SECTION  VII. 

CORRECTION  OF  BESSEL’S  FUND  AMENTA  ASTRONOMER. 

With  the  systematic  corrections  of  Table  II.,  and  with  the  system  of  weights 
already  used,  we  proceed  to  correct  the  assumed  declinations  of  stars  of  class  “Z>”  (p. 
8).  The  object  of  this  is  to  secure  a  greater  number  of  points  with  which  to  compare 
Bradley’s  declinations,  and  even  this  additional  number  is  insufficient  for  the  satisfac¬ 
tory  solution  of  the  problem.  The  criterion  of  selection  of  these  additional  stars  is 
that  there  shall  be  none  for  which  the  weight  of  is  less  thau  .5.  The  formation  aud 
solution  of  conditional  equations  was  conducted  on  precisely  the  same  principles  as  for 
the  fundamental  stars.  The  same  authorities  were  used  (Gh  1752  and  1755  being  of 
course  excluded),  but  they  were  first  corrected  by  Table  II.  in  order  to  diminish  the 
effect  of  uneven  distribution  of  systematic  errors  in  the  series  of  corrections  for  a  given 
star. 

The  results  are  shown  in  Table  III.  where  the  adopted  corrections  of  fundamental 
aud  circumpolar  stars  (Section  VI.)  are  repeated  for  convenience.  The  explanation 
follows : 

Table  III. 


Name  of  star. 

1755. 

A  (5 

^AcS 

’’’V 

Cor.  to 

7 

Residual. 

a 

(5 

Bradley. 

X 

a 

<5 

Ursae  Minoris . 

Ursae  Minoris . 

Urs®  Minoris . 

Camelop.  (32  H.)  .... 

o 

319.  6 
10.9 
282.7 
192.  0 

o 

+83.  5 
+88.0 
+86.5 
+84.7 

// 

+  .258 
+  .087 
+  .009 
+  .569 

. 

// 

+1.18 
—  .26 
+  .66 
+3.  83 

H 

—1. 1 
—1.9 
—4. 1 
—  .2 

.  7 
2.0 
1.0 
1.0 

// 

+  .3 
+  .3 
—2.3 
+  -7 

€ 

Ursae  Minoris . 

258.  0 

+82.4 

+  .189 

. 

—  .63 

. 

—  .0 

.4 

Ursae  Minoris . 

238.3 

+78.5 

—  .  127 

57.  9 

—  .  39 

1.  56 

—1.2 

1.0 

+  -6 

l 

Cephei . 

Ursae  Minoris . 

352.4 
217. 1 

+76.  3 
+76.  8 

+  .045 
+  .605 

61.4 
27.  0 

+  1.  12 
-1-4.07 

1.60 

.83 

+  .5 
—3.2 

1.0 

1.  0 

+2.  2 
— r.a 

P 

Ursae  Minoris . 

222. 9 

-j-75.  2 

+  .070 

60.4 

+  1.05 

1.59 

—3.  1 

.4 

—2.  0 

X 

Draconis . 

276.  4 

+72.  6 

+  .456 

26.3 

—1.  28 

.59 

+1.3 

1.0 

—1.8 

7 2 

Ursae  Minoris  .  . 

230.3 

+72.  7 

—  .073 

43.4 

—1.57 

1. 18 

+4.0 

1.0 

+3.  8 

ip1 

Draconis . 

266.  6 

+72.  3 

+  .086 

15.  9 

—  .30 

.54 

—  .7 

1.0 

+1.0 

X 

Draconis . 

169. 1 

+70.7 

+  .456 

40.0 

+4.  17 

.90 

—3.5 

1.0 

—3.  1 

a 

Cephei . 

321.  4 

+69. 5 

—  .014 

61.0 

+  1.33 

1.60 

—3.  7 

1.0 

—2.  0 

(d 

Draconis . 

264.  6 

+68.  9 

—  .  402 

18.  8 

+  2. 90 

.52 

—3.  6 

1.0 

—  1.2 
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Table  III — Continued. 


Name  of  star. 

1755. 

Ac? 

^Ai 

A+ 

71*  *  / 
Afi 

Cor.  to 
Bradley. 

7 T1 

Resdnal. 

a 

<5 

o 

o 

// 

// 

// 

// 

G2 

Urs®  Majoris . 

132.1 

+68.1 

+  .  778 

16.9 

+4.  46 

.  52 

—3.8 

.4 

—4.3 

6 

Draconis . 

288. 1 

+67.  2 

+  .076 

47.5 

+  1.01 

1.  14 

—2.0 

1.0 

—1.  1 

L 

Cephei . 

340.3 

+64.  9 

+  .072 

41.6 

+1.  18 

.90 

—1.5 

1.0 

0.0 

a 

Draconis . 

209.4 

+65.6 

+  .242 

48.2 

+  .12 

1.25 

—  .2 

1.0 

+  -2 

£ 

Cassiopei® . 

24.3 

+62.4 

+  .201 

40.6 

—  .07 

1.00 

—  .2 

1.0 

+  -7 

a 

Urs®  Majoris . 

162. 1 

+63.1 

+  .025 

61.4 

—  .45 

1.60 

—  .8 

1.0 

—  .6 

a 

Ceprei . 

318.2 

+61.6 

—  .  067 

61.4 

+1.  68 

1.60 

—3.6 

1.0 

—2.3 

V 

Draconis . 

24.r>.  2 

+62.1 

+  .203 

49.  2 

—1.06 

1.35 

—1.6 

.  7 

—1.7 

V 

Cephei . 

310.1 

+60.  9 

—  .  381 

32.8 

+  1.64 

.  75 

—2.0 

1.0 

—  .5 

0 

Urs®  Majoris . 

122.  4 

+61.5 

+  .067 

31.0 

+  1.61 

.57 

—1.7 

1.0 

—  .8 

V 

Cephei . 

324.  C 

+60.  0 

—  .  154 

29.0 

+  1.52 

.95 

—2.2 

1.0 

—  .6 

V 

Urs®  Majoris . 

143.  3 

+60. 2 

+  .328 

43.3 

—  .08 

1.05 

—  .5 

1.0 

—  .3 

0 

Dracjnis . 

281.  9 

+59.  1 

+  .  154 

21.2 

+  .27 

.68 

—2.6 

0.4 

-1.5 

d 

Draconis . 

239.3 

+59. 2 

+  .019 

44.0 

+  1.02 

1.21 

—1.6 

1.0 

—  .8 

6 

Urs®  Majoris . 

97.2 

+58.4 

—  .242 

37. 2 

+1.37 

.82 

—4.2 

1.0 

—2.6 

6 

Cephei . 

335.  0 

+57.2 

+  .009 

30.2 

+2.41 

.54 

—2.  5 

1.0 

—  .8 

? 

Cephei . 

330. 6 

+57.0 

+  .227 

41.3 

—  .68 

.97 

—2.3 

1.0 

—  .8 

ft 

Urs®  Majoris . 

161.7 

+57.7 

+  .444 

35.  9 

—4.  25 

.87 

+4.0 

1.0 

+  1.9 

4 

Camelopardalis . 

66,  9 

+56.  3 

+  .175 

16.0 

+  .t-2 

.60 

—1.8 

1.0 

—  .  7 

a 

Cassiopei® . 

6.7 

+55.  2 

+  .023 

62.7 

—  .43 

1.63 

—  .1 

1.5 

—  .9 

? 

Urs®  Majoris . 

198.5 

+56.2 

—  .004 

42.0 

+  .53 

1.08 

—  .4 

1.5 

—  .2 

y 

Urs®  Majoris . 

175.2 

+55. 1 

+  .  196 

61.  1 

—  .25 

1.  59 

+  -2 

1.0 

0.0 

C 

Cassiopei® . 

5.9 

+52.5 

—  .  082 

27.7 

—  .24 

.70 

+  -9 

1.0 

+  1.0 

K 

Cygni . 

287.9 

+52.  9 

—  .  352 

32.6 

+  .87 

.78 

—1.2 

2.0 

—  .2 

0 

Bootis . 

214.2 

+53.0 

—  .  125 

41.4 

—  .90 

1. 19 

+  -7 

1.0 

+  -5 

ft 

Draconis . 

261.2 

+52.  5 

+  .129 

50.3 

+  .41 

1.23 

—  .  1 

2.0 

+  -3 

e 

Urs®  Majoris . 

139. 1 

+52.  8 

—  .346 

45.  4 

+  .94 

1.04 

+  -2 

1.0 

—  .4 

y 

Draconis . 

267.7 

+51.5 

—  .051 

60.  2 

+  .35 

1.60 

—1.1 

2.0 

—  .6 

L2 

Cygni . . 

290. 9 

+51.2 

—  .056 

31.5 

—  .02 

.74 

+  -4 

2.0 

+1.6 

n 

Urs®  Majoris . 

204.  5 

+50.5 

+  .098 

61.3 

—1.01 

1.60 

+  -3 

1.5 

+  -4 

e 

Cygni  . 

292.5 

+49.7 

—  .445 

31.8 

+1.85 

.96 

—2.5 

.4 

—1.5 

a 

Lacert® . 

335.3 

+49.  0 

+  .  101 

27.3 

—  .73 

.69 

+  .0 

1.0 

+  -3 

a 

Persei . 

46.7 

+49.  0 

—  .235 

62.7 

+  .33 

1.63 

—  .6 

1.5 

—  .6 

i 

Urs®  Majoris . 

130.  6 

+49.0 

—  .278 

44.8 

+  .06 

.  85 

—1.7 

1.0 

—  .7 

X 

Urs®  Majoris . 

173.  3 

+49. 1 

+  .  056 

40.1 

—  .68 

.97 

—  .8 

1.0 

+  .9 

51 

Atulromed® . 

20.8 

+47.4 

—  .397 

29.6 

+  .60 

.70 

—  1.5 

1.0 

—1.4 

4 

Persei . . 

51.4 

+47.0 

—  .264 

39.3 

+  •  33 

.97 

—  .5 

1.5 

—  .  3 

X 

Bootis . 

211.8 

+47.  2 

—  .431 

27.8 

+1.03 

.59 

—  .7 

.4 

—  .5 

a 

Atirig® . 

74.7 

+45. 7 

+  .010 

64.9 

—  .58 

1.  66 

+  .9 

2.0 

+  1.1 

* 

Urs®  Majoris . 

163.  9 

+45.  8 

—  .234 

32. 1 

+  .52 

.71 

—2.4 

.  7 

—  1.6  1 

ft 

Aurig® . 

85.4 

+44.  9 

—  .  079 

44. 1 

—  .08 

1.06 

—  .7 

.  7 

-  .6  | 

a 

Cygni . 

308.  3 

+44.4 

+  .030 

66. 1 

—  .88 

1.  69 

+  *  ^ 

2.0 

—  .5  ! 

X 

Urs®  Majoris . . 

150.6 

+44.  1 

—  .594 

08.  3 

+  1.77 

.91 

—1.6 

1.0 

—  1.0 

€ 

Anrig® . 

71.  1 

+43.  4 

+  .166 

32.  0 

—1.59 

.91 

+  1.9 

1.0 

—  1.3  1 

(7 

Herculis . 

246.  6 

+43.  0 

—  .  142 

28.  1 

+  .06 

.70 

+  1.8 

1.0 

+  1.0 

/-t 

Urs®  Majoris . 

151.  9 

+42.  7 

+  .304 

29.4 

—1.69 

.74 

+1.8 

1.0 

+  1.5 

y 

Audromed® . . 

27.2 

+41.  1 

+  .262 

30.6 

+1. 14 

.73 

—  .2 

1.0 

—  .  5 

T) 

Anrig® . . 

72.  3 

+40.9 

+  .242 

37.4 

—  1.40 

1.  05 

+  •  9 

1.0 

+ 

ft 

Persei . 

43. 1 

+40.0 

+  .461 

39.  8 

—1.31 

1. 12 

+  1.6 

1.0 

+  -9 

y 

Cygni  . 

303.  4 

+39.  5 

+  .428 

45.  3 

—2.  67 

1. 14 

+2.4 

1.5 

+  •9 
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Table  III — Continued. 


Name  of  star. 

1755. 

Ad 

’’Ad 

A + 

^A  fj 

Cor.  to 
Bradley. 

7 r 

Residual. 

a 

d 

o 

o 

// 

// 

// 

// 

e1 

Lyra . . 

279. 1 

+39.4 

—  .731 

28.0 

+1.  67 

.60 

—1.5 

1.0 

—1.6 

V 

Herculis . 

248.6 

+39.  4 

—  .685 

42.4 

—3.  20 

1. 12 

+1.7 

.7 

+  -8 

a 

Canum  Yenaticorum . 

191. 1 

+39.6 

—  .  055 

49. 1 

—  .87 

1.24 

+  -4 

.7 

+  -‘2 

a 

Lyrm . 

277.2 

+38.6 

+  .362 

66. 1 

—1.63 

1.69 

+  1.1 

2.0 

+  •  2 

61 

Cygni  . 

314.0 

+37.  6 

+  .607 

36.  9 

+  .  15 

.83 

+  -a 

1.0 

—  .  1 

ft 

Andromeda . 

14.0 

+34.  3 

+  .254 

36.0 

-2. 17 

.71 

+2.6 

1.0 

+1.7 

B 

Trianguli . 

28.  8 

+33. 8 

—  .284 

20.9 

—  .68 

.59 

+1.2 

1.0 

+  -3 

E 

Cygni . 

309.1 

+33. 1 

+1.  897 

29.4 

—2. 61 

.93 

+  1.9 

.7 

+  •« 

3 

Lyra . 

280.  3 

+33. 1 

+  .  140 

46. 2 

—2. 10 

1.  08 

—1.7 

1.0 

—2.1 

i 

Amiga . 

70.3 

+32. 8 

—  .448 

33.3 

—1.05 

.77 

+L1 

1.0 

+  -5 

f 

Herculis . 

248.0 

+32. 1 

+  .039 

29.6 

+  .  18 

.78 

+1.5 

.7 

+  .3 

Cygni  . 

315.  6 

+29.2 

—  .517 

29.2 

—  .65 

.55 

—  .9 

1.0 

—1.  4 

B 

Tauri . 

77.7 

+28.4 

—  .242 

69.4 

+  .35 

1.80 

—  .4 

1.5 

—2.0 

3 

Geminorum . 

112.6 

+28. 6 

—  .206 

70.3 

—  .43 

1.83 

+  •« 

2.0 

+  -3 

a 

Andromeda . 

358.9 

+27. 7 

—  .  144 

70.4 

—  .90 

1.  52 

+i.i 

1.0 

+  .‘2 

/« 

Herculis . 

264.2 

+27.9 

+  .094 

18.2 

—1.  94 

.67 

+2.4 

1.0 

+  .6 

E 

Bootis . 

218.6 

+2«.l 

—  .121 

32.4 

+  .53 

.76 

+  -3 

.7 

—  .6 

a 

Corona . 

231.1 

+27.6 

—  .018 

69.7 

—1.00 

1.83 

+2.9 

1.0 

—1.6 

Leon  is . 

144.7 

+27. 1 

—  .  495 

30.8 

+  1.23 

.64 

—2.  5 

1.0 

—1.8 

e 

Leonis . 

143.0 

+24. 9 

+  .046 

30. 1 

—1.68 

.70 

+1.1 

1.0 

+  •  1 

V 

Tauri . 

53.2 

+23.3 

-  .190 

30.6 

—  .18 

.57 

—  .7 

1.0 

—  .8 

a 

Arietis . 

28.4 

+22.3 

-  .128 

70.7 

—  .  (35 

1.  83 

+  .5 

1.0 

—  .3 

t* 

Geminorum . 

92.0 

+22.6 

—  .555 

31.7- 

—  .03 

.59 

—1.2 

1.5 

—  .7 

d 

Geminorum . 

106.4 

+22.4 

—  .  172 

30. 5 

—2.  38 

.59 

+  .6 

1.0 

—  .  1 

d 

Leonis . 

165.3 

+21.9 

+  .  142 

43.2 

—1.61 

1.01 

—  .3 

1.0 

—1.0 

V1 

Leonis . 

151. 6 

+21.1 

—  .331 

35.7 

—3. 11 

.76 

+1.1 

1.0 

0 

a 

Bootis . 

211. 1 

+20.  5 

—  .234 

70.7 

—2.  02 

1.83 

+1.8 

2.0 

+  -3 

V 

Bootis . 

205. 8 

+19.6 

—  .229 

43.4 

—1.22 

1.03 

+  .5 

1.0 

—  .8 

a 

Tauri . 

65.5 

+  16.0 

+  .060 

71.5 

—  .79 

1.84 

+1.7 

2.0 

+  .9 

ft 

Leonis . 

174. 1 

+15.9 

+  .259 

69.7 

—2.44 

1.84 

+1.8 

1.5 

4"  •  3 

a1 

Herculis . 

255.  9 

+14.7 

+  .197 

70.5 

—  .34 

1.84 

+1.4 

1.0 

—  .3 

a 

Pegasi . 

343. 1 

+  13.9 

+  .330 

70.7 

—1.82 

1.83 

+2.8 

1.0 

+1.7 

7 

Pegasi . 

0.2 

+  13.8 

—  .231 

69. 1 

—  .16 

1.82 

—  .  1 

1.5 

—1.  1 

f 

Aquila . 

283.5 

+13.5 

+  .149 

30.9 

—  .67 

.72 

+2.1 

1.0 

+  -3 

a 

Ophiuchi . 

200.9 

+12.  8 

+  .111 

70.3 

—1.  05 

1.82 

+3.0 

1.0 

+1.3 

a 

Leonis . 

148.8 

+13.2 

+  .056 

71.5 

—1.18 

1.  84 

+1.9 

1.5 

+  -4 

7 

Aquila . . 

293.7 

+10.0 

+  .003 

70.0 

—  .25 

1.77 

+  1.2 

1.5 

—  .4 

c 

Pegasi . . 

337.  3 

+  9.6 

—  .440 

29.7 

+  1.85 

.68 

+  1.5 

1.0 

+  -3 

K 

< iphiuchi  . 

251.  5 

+  9.8 

—  .011 

29.8 

-  .  39 

.83 

+  1.9 

1.0 

0 

6 

Pegasi . 

323.0 

+  8.8 

+  .037 

29.6 

—  .61 

.68 

+  1.1 

1.0 

—  .  1 

a 

Aquila . 

294.7 

+  8.2 

+  .040 

71.5 

-  .10 

1.84 

+1.7 

2.0 

•  2 

a 

Oi'ionis . 

85. 5 

+  7.  3 

+  .019 

71.5 

—  .02 

1.84 

+1.0 

2.0 

+  a 

E 

Piscium . 

12.6 

+  6.6 

—  .  343 

26.  1 

+  .32 

.  63 

—1.5 

.7 

— 1.6 

E 

Hydra . 

128.4 

+  7.3 

—  .  189 

28.2 

—3.46 

.55 

+3.  3 

1.0 

+  1.0 

a 

Serpentis . 

233. 1 

+  7.2 

+  .028 

71.  5 

—  .  57 

1.84 

+2.9 

1.0 

+  1.0 

(j 

Piscium  . 

356.7 

+  5.5 

—  .515 

35. 1 

—  .41 

.69 

—  .7 

1.0 

—  .9 

ft 

Aquila . 

295.  8 

+  5.8 

—  .  136 

71.5 

—  .74 

1.84 

+1.5 

1.5 

0 

t 

Piscium . 

351.8 

+  4.3 

—  .572 

42.  0 

+1.  58 

.96 

—  .2 

1.0 

—  .7 

a 

( 'et  i . 

42.  4 

+  3.1 

—  .207 

71.5 

+  .49 

1.84 

—  .4 

1.0 

—1.0 

<\ 

Aquila . 

288.  3 

+  2.6 

+  .  100 

45.  8 

—  .  11 

1.06 

+3.  3 

1.  9 

+  1.2 

[85] 
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Table  III — Continued. 


Name  of  star. 

1755. 

AtS 

<1 

A + 

7 T 

V 

Cor.  to 
Bradley. 

7T 

Residual. 

a 

d 

o 

o 

II 

// 

/' 

// 

r 

Ceti . 

37.7 

+  2.2 

—  .390 

37.4 

—  1.25 

80 

+  .8 

1.0 

+  -1 

P 

Virginia . 

174.5 

+  3.1 

—  .019 

58.4 

—  .89 

l 

41 

+1.6 

1.5 

—  .2 

c 

Virginia . 

200.6 

+  0.7 

—  .249 

33.0 

—  .37 

72 

+1.6 

1.0 

+  1.6 

V 

Virginia  . 

181.8 

+  0.7 

—  .  425 

25.5 

—1.  42 

50 

+1.3 

1.0 

—  .4 

6 

Orionis . 

79.9 

—  0.5 

—  .515 

26.6 

+1.51 

69 

+  .0 

1.0 

—  .4 

V 

Aquarii . 

335. 7 

—  1.4 

—  .603 

17.9 

+1. 82 

54 

+  1.6 

1.0 

+  .4 

a 

Aquarii . 

328.3 

—  1.5 

—  .009 

71.5 

—  .40 

l 

84 

+2.8 

1.0 

+1.6 

e 

Orionis . 

80.9 

—  1.4 

—  .221 

24.9 

—1.51 

56 

+3.5 

1.0 

+  1.4 

V 

Serpentis . 

272.2 

—  2.9 

+  .366 

29.5 

—2. 04 

62 

+1.7 

1.0 

0 

(5 

Opbiucbi  . 

240.4 

—  3.0 

—  .329 

32.7 

+  .48 

75 

+2.3 

.7 

+  .3 

P 

Aquarii . 

319.7 

—  6.6 

+  .  196 

28.3 

—1.  39 

74 

+3.  5 

1.0 

+1.  6 

a 

Hydras . 

138.9 

—  7.6 

+  .  128 

69.9 

—  .78 

i 

81 

+1.6 

1.0 

+  .  1 

p 

Orionis . 

75.7 

—  8.5 

+  .  187 

71.5 

—  .01 

l 

84 

—  .0 

2.0 

—  .6 

0 1 

Ceti . 

17.9 

—  9.5 

+  .187 

22. 1 

—  .87 

63 

+  1.2 

1.0 

+  .6 

p 

Libras . 

226.0 

—  8.5 

+  .066 

34.6 

—1.23 

79 

+2.7 

1.0 

+  -4 

a 

Virginia . 

198. 1 

—  9.9 

+  .052 

71.5 

—1.00 

l 

84 

+  -9 

1.5 

—1.2 

or- 

Capricorni . . 

301.  1 

—13.0 

—  .316 

-4-  .  75 

—  .2 

1.0 

—1.  4 

J 

Crateris . 

166.  8 

—13. 9 

—  .641 

+1.  00 

—  .5 

1.0 

—1.3 

y1 

Eridani . 

56.7 

—14.0 

—0.417 

. 

+  .  41 

+  .  o 

1.0 

+  •  3 

o? 

Librae  . 

219.  3 

—15.  4 

+  .050 

—1.  86 

+1.9 

1.0 

0 

a 

Leporis . 

80.5 

-17.9 

—  .098 

—  .13 

+1.2 

1.0 

—  .7 

p 

Ceti . . 

07.8 

—18.8 

—  .301 

+1.  43 

—  .8 

1.0 

_  9. 

pl 

Scorpii . 

237.  8 

—19.4 

+1.  620 

—5. 84 

.. 

... 

+1.7 

1.0 

0 

Sagittarii . . 

270.2 

—21. 1 

—  .567 

+1.63 

—1.2 

1.  0 

—1.0 

6 

Scorpii . 

236. 5 

-22.2 

+  .796 

—4.14 

•• 

... 

+3.8 

1.0 

+  .8 

R 

rJrvrvi _ _  _  _ 

185.  4 

—22. 5 

—  .404 

+  .45 

+  .6 

1.0 

—  .7 

15  Argus  . 

119.3 

—23.9 

+  .033 

—1.  69 

... 

+3.2 

1.0 

+1.3 

a 

Scorpii  . . . 

243.  6 

—26. 1 

—  .071 

—  1.06 

+  1.2 

1.0 

0 

£ 

Canis  Majoris . 

102. 2 

—28.8 

—  .663 

. 

+  1.62 

... 

+1.1 

0.5 

+  -5 

a 

Piscis  Australis . 

341.  0 

—30.4 

—  .609 

+1.34 

... 

—  .5 

1.0 

+  -1 

Columns  one,  two,  and  three  require  no  explanation.  Columns  four  and  five  con¬ 
tain  the  correction  to  the  assumed  declination  l'or  the  epoch  1845,  with  the  weight  as 
determined  from  the  equations  of  condition.  Column  six  contains  one  hundred  times 
the  correction  to  the  annual  variation  assumed,  and  column  seven  its  weight.  In 
reference  to  the  weights,  it  should  be  remarked,  that  for  the  first  five  stars  the  weights 
wTere  assumed  on  different  principles  from  those  which  prevail  with  other  stars.  The 
manner  of  assigning  weights  to  the  stars  from  «2  Capricorni  to  a  Piscis  Australis  has 
been  already  explained.  As  they  are  not,  therefore,  strictly  comparable  with  the  pre¬ 
ceding  they  are  omitted.  Column  eight  contains  the  correction  to  Gh  1752  and  Gli 
1755,  resulting  from  the  preceding  values  of  J  8  and  J/j.'.  The  process  of  obtaining 
these  corrections  was  this:  The  catalogue  declinations  were  corrected  for  nutation  as 
explained  (p.  20).  The  declinations  between  +  14°  and  —  14°,  have  been  corrected  by 


492 


UNITED  STATES  NORTHERN  BOUNDARY*  COMMISSION.  [86] 


Bessel  for  certain  quantities  necessary  to  make  them  agree  with  Bradley’s  observations 
of  the  sun.  The  following  table  is  given  in  Fundamenta  Astronomies  (p.  62). 


<5 

Correction. 

<5 

Correction. 

(5 

Correction. 

o 

// 

o 

// 

o 

// 

—  13 

+  •  <  1 

—  3 

+  .67 

+  7 

+  1.22 

—  11 

+  .63 

—  1 

+  2.  36 

+  9 

+  .47 

—  9 

+  .24 

+  1 

+  1.03 

+  11 

+  .93 

—  7 

+  *  ^ 

+  3 

+  1.48 

+  13 

+  .49 

—  5 

—  .06 

+  5 

+  .42 

These  corrections  I  have  subtracted  from  the  catalogue  declinations;  by  which 
means  we  are  able  to  assume  the  same  system  for  all  stars  south  of  Greenwich  zenith. 
The  standard  declination  for  1752  is  equal  to  the  assumed  declination  +  A  ;j!  —  .93  A  /).' . 
From  the  standard  so  formed  is  subtracted  the  corrected  declination  of  the  catalogue. 
The  result  is  the  u  Correction  to  Bradley.”  For  the  stars  enumerated  below  the  correc¬ 
tions  to  declinations  from  lower  culmination  are  given  with  reversed  sign,  as  the  above 
table  deals  with  upper  culmination  only. 

Stars  observed  sub  polo. 


Name. 

a  + 180° 

Corr.  to 
Bradley. 

Weight. 

Name. 

a  + 180° 

Cor.  to 
Bradley. 

Weight. 

A 

Ureas  Minoris  ... 

o 

139.6 

j/ 

+  .24 

.4 

y 

Cephei . 

o 

172.  4 

// 

+  .89 

.4 

a 

Ursas  Minoris  . .. 

190.9 

—1.55 

2.0 

ip 

Draconis . 

86.6 

—2.  24 

.7 

6 

Ursfe  Minoris  . .. 

102.7 

+1.13 

1.0 

4 

Draconis . 

108.1 

+1.17 

1.0 

Camelop.  (32  H). 

12.0 

—2. 74 

1.0 

V 

Draconis . 

65.2 

—5.  64 

1.0 

e 

UrssB  Minoris ... 

78.0 

—  .27 

1.0 

0 

Draconis . 

101.  9 

+2.  04 

1.0 

c 

Urate  Minoris  . .. 

58.3 

—2.85 

1.0 

e 

Ursm  Majoris  ... 

319.1 

—  .24 

1.0 

The  ninth  column  gives  the  we  ight  used  in  solving  the  equations  of  condition.  The 
following  is  the  scale : 


Obs. 

Weight. 

1 

.4 

2 

.7 

3-9 

1.0 

10-25 

1.5 

over  25 

2.0 

In  estimating  these  weights,  no  account  is  taken  of  the  uncertainty  of  the  standard 
places.  Their  probable  error  seldom  exceeds  ".45,  and  for  the  fundamental  stars 
averages  about  ".3.  The  probable  error  of  the  unit  of  weight  for  the  additional  stars 
is  approximately  ".35. 

Owing  to  the  uncertain  character  of  the  residuals  I  did  not  think  it  safe  to  attempt 
tlie  drawing  of  a  curve.  Careful  preliminary  examination  showed  that  the  error  varies 
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greatly  with  the  Right  Ascension,  according  to  what  law  it  is  difficult  to  conjecture. 
I  assumed  at  first  the  simple  periodic  formula  of  correction, 

x  sin  a  +  y  cos  a. 

The  form  of  the  declination  correction  (order  of  declination)  especially  for  southern 
stars,  appears  to  be  tolerably  well  represented  by  the  expression — 

v  +  w  sin  2  Z  +  u  tan  Z. 

For  southern  stars  alone  the  normal  equations  are  these : 


// 


4 

109.2 

V 

+ 

77.2 

w 

— 

0.G 

x 

+ 

5.9  y 

+ 

111  0 

u 

— 

100.0 

=  0 

+ 

77.2 

V 

+ 

G3.5 

IV 

— 

3.3 

X 

+ 

3.9  y 

+ 

82.3 

u 

— 

85.7 

=  0 

— 

0.G 

V 

— 

3.3 

tv 

4- 

59. G 

X 

+ 

1.8  y 

— 

9.2 

u 

+ 

30.1 

=  0 

+ 

5.9 

V 

+ 

3.9 

w 

+ 

1.8 

X 

+ 

49. G  y 

+ 

4.2 

u 

8.5 

=  0 

4- 

111.0 

V 

4- 

S2.3 

w 

— 

9.2 

X 

+ 

4.2  y 

+ 

245.2 

u 

— 

121.8 

=  0 

From  which — 

v  =  -  21 

w  =  +  1.50 
x  —  —  .41 
y  =  —  .25 
u  =  +  .08 

Arranged  in  four  nearly  equal  groups,  we  have  the  following  values  of  v,  x ,  and 
i/,  the  residuals  being  first  corrected  for  +  P'.50  sin  2  Z  +  ".OS  tan  Z. 


Mean  (5 

V 

X 

y 

Weight 
ot  tj. 

Adopted  y. 

o 

—  13.0 

// 

—  .20 

u 

—  .  17 

// 

—  .88 

10 

// 

—  .98 

+  08.3 

—  .07 

—  .52 

—  .72 

16 

—  .48 

+  25.6 

—  .42 

—  .49 

+  .09 

11 

—  .06 

+  43.4 

—  .19 

—  .29 

+  .36 

10 

+  .37 

The  constancy  of  v  and  x  is  as  good  as  we  might  expect,  but  such  is  not  the  case 
with  y.  In  the  uncertainty,  I  have  supposed  y  to  vary  directly  with  the  declination, 
and  find — 


The  equations  for  northern  stars  are : 


+ 

G0.9 

V 

. 

27.6 

w 

_ 

13.1 

X 

4 

0.5 

y 

_ 

28.9 

u 

4 

// 

63.8 

=  0 

— 

27. G 

V 

+ 

20.3 

w 

4 

1.3 

X 

4- 

0.2 

V 

4- 

21.5 

u 

— 

35.2 

=  0 

— 

13.1 

V 

+ 

1.3 

tv 

4 

31.1 

X 

— 

1.8 

y 

— 

3.9 

u 

— 

13.7 

=  0 

+ 

.5 

V 

4 

0.2 

tv 

— 

1.8 

X 

+ 

29.8 

y 

— 

2.8 

tl 

4 

17.2 

=  O 

— 

29.0 

V 

4 

21.5 

w 

— 

3.9 

X 

— 

2.8 

y 

4 

43.9 

u 

— 

31.5 

—  0 
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Whence —  ' 

v  =  —  .63 
w  =  +  1*25 
x  =  4  .04 

y  =  -  .oi 

u  =  —  .35 

The  number  of  stars  and  the  weights  are  too  small  to  admit  of  any  valid  argument 
from  the  process  of  grouping  j  the  residuals,  however,  are  not  remarkably  well  repre¬ 
sented  by  the  formula.  The  real  correction  is  probably  much  more  variable.  The 
equality  of  the  two  values  of  to  derived  from  northern  and  southern  stars  is  quite 
striking.  The  smallness  of  u  in  each  case  is  an  argument  that  the  refraction  deduced 
by  Bessel  corresponds  well  with  Bradley’s  observations.  For  the  definitive  correction 
I  have  dropped  u  aud  combined  the  equations  for  both  northern  and  southern  stars. 
Two  sets  of  coefficients  for  sin  a  and  cos  a  are  separately  determined.  For  northern 
stars  these  are  denoted  by  x'  and  y'.  y  is  introduced  into  the  equations  in  order  to 
eliminate  its  mean  influence  on  the  determination  of  the  remaining  quantities. 

The  equations  follow. 


4 

170.1  v 

4  ■ 

49.6 

to 

— 

13.1  x' 

4 

0.5  y' 

— 

0.6  x 

4 

5.9  y 

— 

36.2 

=  0 

4 

49.6  v 

4  ' 

83.8 

w 

4 

1.3  x' 

4 

Si 

o' 

— 

3.3  x 

4 

3.9  y 

— 

121.0 

=  0 

— 

13.1  v 

4 

1.3 

10 

4 

31.1  x' 

— 

1.8  y' 

0.0  x 

0.0  y 

— 

13.7 

=  0 

4 

S’ 

o' 

4 

0.2 

10 

— 

1.8  x' 

4 

29.8  y' 

0.0  x 

0.0  y 

4 

17.2 

=  0 

— 

0.6  v 

— 

3.3 

IC 

0.0  x' 

Si 

o 

o' 

4 

59.6  x 

4 

1.8  y 

4 

30.1 

=  0 

4 

5.9  v 

4 

3.9 

w 

0.0  x' 

s> 

o 

o' 

4 

1.8  x 

4  ‘ 

49.6  y 

4 

8.5 

=  0 

The  solution  gives :  «  « 

v  =  —  .21  ±  .06 

w  =  +  1.56  ±  .10 

x'  =  +  .25  4  .16 

y'  =  -  .57  4  .16 

x  =  -  .41  4  .10 

y  =  -  .25 

The  probable  error  of  the  unit  of  weight  is  4  ".79.  For  northern  stars  it  is 
4  1".03 ;  and  for  southern  4  ".65.  These  probable  errors  are  somewhat  larger  than 
can  fairly  be  ascribed  to  Bradley’s  declinations,  since  they  include  the  effect  of  the 
prebablo  error  of  the  normal  places  themselves.  In  order  to  be  on  the  safe  side  I  have 
adopted  the  following  weights  in  final  discussion,  the  supposed  probable  error  of  the 
unit  being  4  ".30,  as  will  be  explaiued  hereafter. 


Weight. 

Number  of  observations. 

Northern  stars. 

Southern  stars. 

00 

1 

1 

.05 

2  to  8 

.  1 

9,  or  more. 

2,  or  3 

.2 

4  to  20 

.3 

21,  or  more. 
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In  computing  Table  V.,  weight  .5  is  assigned  to  4  or  more  observations,  and  weight 
.3  to  less  than  that  number.  Declinations  of  Gh  1752-55,  from  one  observation  are 
rejected.  If  the  corrections  above  determined  are  combined  with  those  for  nutation 
we  liave — 

For  northern  stars  (north  of  51°.5  S) 

—  ".21  +  1".56  sin  Z  +  ".05  sin  a  —  ".29  cos  «. 

For  southern  stars  (south  of  51°.5  d) 

—  .21  +  1.56  sin  Z  —  ".82  sin  a  —  .24  ^  ~  ^  cos  a. 

Z  is  reckoned  in  the  usual  direction  from  0°  to  360°. 

For  convenience  the  following  tables  have  been  constructed  : 


Table  IV. 

Definitive  corrections  for  BesseVs  Fundamenta  Astronomice. 
Northern  stars,  +  51°.5  to  +  90°. 


Correction. 

c5  Above  Below 


pole. 

pole. 

O  II 

// 

f  50 

-  .13 

+  .82 

55 

-  .40 

+  1.06 

00 

-  .66 

+  1.27 

65 

-  .92 

+  1.46 

,  70 

-  1.15 

+  1.00 

75 

-  1.  35 

+  1.  70 

80 

-  1.52 

+  1.70 

85 

-  1.05 

+  1.  77 

[oo 

-  1.  73 

+  1.73 

Note. — The  corrections  are  applicable  to  declina¬ 
tions  directly,  whether  observed  above  or  below 
pole.  The  entire  correction  for  northern  stars  is 
A  +  Ii. 


a 

Corr. 

a 

h 

// 

h 

0 

-  .29 

12 

1 

-  .27 

13 

2 

-  .23 

14 

3 

-  .17 

15 

4 

-  .10 

16 

5 

-  .03 

17 

0 

+  .05 

18 

7 

+  .12 

19 

8 

+  .  19 

20 

9 

+  .24 

21 

10 

+  .28 

22 

11 

+  .30 

23 

12 

+  .29 

24 

From  12h  to  24b  the  correction  has  the  opposite 
sign. 
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For  stars  south  o/51°.5<5. 


A.  R. 


4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 


DECLINATION. 


+50°  +45°  +40°  +35°  +30°  +25°  +20°  +15°  +10°  +05° 


0  4-  .42 
1  +  .18 

2  -  .07 

3  -  .33 


-  .58 

-  .79 

-  .96 


+  .56 
+  •  31 
+  .09 

-  .  15 

-  .37 

-  .55 

-  .69 


-1.08-  .77 
-1.13-  .79 
-1.10 


-1.02 

-  .87 

-  .68 


-  .65 

-  .49 

-  .29 


.  44  -  .06 
.19+  .19 
.  07  +  .  43 

+  .  32  +  .  65 
+  .  53  +  .  83 
'  .  70+  .  97 

+  .  82  +1.  05 
4-  .  87+1.  07 
+  •  84  +1. 03 


+  .76 
--  .61 
--  .42 


+  .71 
+  .48 
+  .25 
--  .03 

-  .17 

-  .32 

-  .43 

-  .48 

-  .48 

-  .  41 

-  .28 
-  .11 
+  .09 

+  .32 
+  .55 
+  .77 


.97 
1. 12 
1.23 

1.  28 
1.28 
1.  21 


+1.  08 
|  .91 
+  .71 


+  .82 
+  .00 
+  .39 
+  .19 

+  .01 

.  11 
.  19 


.21 

.18 
.08 

+  .00 
+  .24 
4-  .45 

■  .08 
■  .89 
-1. 09 

+1.27 
+1.  39 
+1.  47 

+1.  49 
+1.40 
4-1.36 

+1.22 

4-1.04 

.83 


+  .92 
+  .70 
+  .49 
+  .31 

+  .16 
+  .06 
'  .02 

.03 
.09 

.21 

.37 
.57 
.78 

+1.00 
+1.21 
4-1.  39 

■1.52 
1.  04 
-1.68 

+1.67 
+1.61 
+1.  49 

-1. 33 
-1. 13 
-0.  92 


.98 

.77 
.58 
.42 

+  .29 
-1-  .22 
+  .21 

+  .25 
+  .34 
+  .49 

4*  '®7 

4-  .88 

+1. 09 

+1.31 

+1.50 

4-1-66 


3.79 
1.86 
1. 87 

1.  83 
.74 
1.  59 

1.41 

■1.20 
•  .99 


1.  01 
-  .80 
■  .01 

■  .47 

+  .  37 
+  .33 
+  .34 

+  .42 
54 
+  .71 

■  .91 
1. 13 
1.  35 

+1.56 
+1.75 
+1.  89 

+1.  99 
+2.03 
+2.01 

+1.  94 
+1.  82 
+1-65 

+1.45 
+1.  23 
+1.01 


.99 

.78 

.61 

.49 

+  -41 
4-  .40 
+  .45 


-  .55 
■  .70 

-  .90 

-1.12 
1.  34 
■1.  57 

+1.  78 
4-1.95 
+2.  07 

+2.15 

+2.10 

4-2.11 

■2.01 

-1.  86 
-1.66 

-1.44 
-1. 22 

-  .99 


.  93  +  .  82 
.  73+  .  62 
--  .57+  .48 
--  .40+  .39 


+ 

+  .43 
+  .50 

-  .64 

-  .82 
-1.  04 

+1.28 
4-1.  52 
+1.75 

+1.95 
+2.11 
+2. 22 


t 


.36 
.41 
+  .52 

-  .69 

-  .89 

-1. 14 

+1.  39 
+1.65 
+1.  88 

-2.08 
-2. 22 
2.31 


+2.  27  +2. 34 
--2.25+2. 29 
2. 19+2. 18 


+2.04 
+1.  86 
+1.64 


-2. 01 
1.81 
1.56 


+1. 40  +1. 31 
+1. 10+1.  05 
-1-0.  93  +0. 82 


+00° 


.66 
.46 
.33 
.20 

+  .26 
+  .34 
+  .48 

+  .66 
+  .91 
+1. 18 

+1. 46 
+1.72 
+1.  96 

+2. 1 
+2.  29 
+2.36 

+2.36 
+2.  28 
+2.14 


4 


1.95 

1.71 

+1.44 


i 


1.16 

90 

66 


05°  -10° 


46 
27 
14 
+  .10 


i 


+  .62 
+  .89 

+1.  19 

-1.48 

-1.76 

-2.00 

+2.19 

+2.32 

+2.36 

+2.34 

+2.23 

+2.C6 

-1.84 
1.  59 
•1.27 

+  .98 
+  .70 
+  .46 


-15° 


-20° 


+  .21 
+  .02 

-  .09 

-  .12 

-  .07 
+  .06 
+  .27 

-  .53 
■  .82 
1.14 

+1.  45 
+1.77 
+1.  99 

-1-2. 18 
+2.29 
+2.32 

■2.  27 
-2. 13 
1. 93 

-1.67 

-1.38 

-1.06 

-  .75 

-  .45 

■  .21 


-  .08 
-  .26 

-  .36 

-  .37 

-  .30 

-  .14 

-  .10 

+  .39 
+  .71 
+1.06 

l.  39 
1.69 
■1.94 

+2.12 
+2.22 
+2. 23 

+2.16 
+2.00 
+1. 76 


$ 


1.  47 
1.15 
80 


+  -47 
+  -D 
-  .08 


-  .40 

-  .58 

-  .07 

-  .66 

-  .56 

-  .37 

-  .10 

+  .22 
+  .57 
+  .94 

+1.29 

+1.61 

+1. 86 

+2.04 
+2. 13 
+2. 12 

+2. 02 
+1.  83 
+1.  56 


f 


1.24 
89 
+  .52 


+  .17 

-  .15 

-  .40 


-  .75 

-  .92 
-1.  00 

-  .97 

-  .85 

-  .63 

-  .33 


-30° 


-1. 12 
-1.29 
-1.35 
-1.31 

-1. 16 

-  .91 

—  .58 


02  -  .20 
--  .40  +  .22 
--  .80  +  .63 


+1. 17 
+1.49 
+1.75 

+1.92 
+2.  00 
+1.97 

+1.85 
+1.63 
+1.  33 

--  .98 
--  .60 
.20 

-  .17 

-  .49 

-  .75 


I 


+1. 02 
+1.  30 
+1.  62 

+1. 79 
+1.85 
+1.  81 

+1.  66 

+1.41 

+1.08 

+  .  70 
+  .29 

-  .13 

-  .52 

-  .85 
-1. 12 


*  Between  +14°  and  — 14°,  d,  the  entire  correction  is,  C+-  correction  taken  with  opposite  sign  from 
table,  p.  62,  Fund.  Ast. 


SECTION  VIII. 

DISCUSSION  OF  FINAL  CORRECTIONS  AND  WEIGHTS. 

With  the  correction  just  deduced,  we  shall  be  able  to  add  a  considerable  number 
of  standard  stars  to  the  list  embraced  in  Table  III.  The  places  of  the  four  extreme 
southern  stars  of  Table  I.,  as  well  as  the  additional  stars  of  Table  III.,  will  be  revised 
by  the  addition  of  Gh,  1752  or  ’55,  as  an  authority.  Forty  fundamental  and  circum¬ 
polar  stars  of  Table  I.  would  not  be  materially  affected  by  this  addition.  For  the 
present,  their  declinations  as  already  corrected,  will  be  regarded  as  standard. 

Two  or  three  stars,  which  should  have  been  included  in  the  list,  were  omitted  by 
accident. 

The  manner  of  deducing  A  d  and  A  has  been  sufficiently  explained  under  sections 
VI.  and  VII.  Their  values  will  be  found  to  be  not  materially  different  from  those 
finally  deduced. 
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Table  Y. 

Values  of  Ad  and  Af  adopted  in  computing  final  systematic  corrections  for  the  principal 

catalogues. 


Star’s  name. 

1845. 

Ad 

A  u! 

// 

// 

a  AndromedaB . 

-  .14 

—  .90 

P  Cassiopem . 

—  .31 

+  1. 11 

y  Pegasi . 

—  .23 

—  .  16 

C  Cassiopeae . 

—  .13 

+  .47 

a  Cassiopeae . 

+  -02 

—  .43 

P  Ceti . 

—  .28 

+1.20 

r\  Cassiopeae . 

—1.20 

+  1.C2 

y  Cassiopeae . 

—  .30 

+2. 68 

s  Piscimn  . 

—  .26 

—  .39 

P  Andromedae . 

+  .24 

—1.97 

a  Ursae  Minoris . 

+  .09 

—  .26 

d  CassiopeaB  . 

+  .06 

+  .82 

6 1  Ceti . 

+  .13 

—  .39 

T]  Piscium . 

—  .52 

—2. 36 

51  Andromedae . 

—  .35 

+  .06 

54  Andromedae . 

+  .43 

_ 2.92 

o  Piscium  . 

—  .13 

— 1. 59 

e  Cassiopeae  . 

+  -18 

+  .  25 

P  Arietis . 

—  .04 

—  1. 76 

50  Cassiopeae . 

+  .44 

+2.02 

y  Andromedae . 

+  .26 

+  .96 

a  Arietis . 

—  .13 

—  .65 

P  Trianguli . . . 

—  .31 

—  .38 

Ceti . 

4-  .04 

—  .57 

p2  Ceti . 

-  .13 

+  .40 

7  Ceti . 

—  .40 

—1.14 

a  Ceti . 

—  .21 

+  .49 

P  Persei . . . 

+  .44 

—  .92 

a  Persei . . 

—  .23 

+  .33 

P  Tauri . 

+1.37 

+  .58 

5  Persei . 

—  .25 

+  .04 

r]  Tauri . 

—  .13 

—  .84 

7  Eridani . 

—  .44 

+  .66 

e  Tauri . 

+  .18 

—1. 35 

a  Tauri . 

+  .06 

—  .79 

4  Camelopardalis . 

+  .25 

+  .20 

a  Camelopardalis . 

+  .36 

—2. 12 

i  Aurigae . — . 

—  .47 

—  .76 

P  Camelopardalis . 

+  .23 

—  .12 

e  Aurigae . 

+  .  13 

—  .91 

t]  Aurigae . . . 

+  .23 

—1.14 

a  Aurigae.. . . 

+  .01 

—  .58 

P  Orionis . 

+  .  19 

—  .01 

p  Tauri . 

—  .24 

+  .35 

6  Orionis . . . 

—  .48 

— 1. 18 

Star’s  name. 

1845. 

A6 

A f 

a 

Leporis . 

// 

—  .14 

// 

+  .17 

e 

Orionis . 

—  .  65 

—  .24 

a 

Oriouis . 

+  .02 

—  .02 

P 

Aurigae . 

—  .05 

—  .60 

V 

Geminorum . 

—  .02 

+  .21 

n 

Geminorum . 

—  .46 

—1. 15 

7 

Geminorum . 

+  .22 

—1.  59 

Cephei,  (51  H) . 

+  .12 

—  .67 

E 

Canis  Majoris . 

—  .67 

+2.  00 

? 

Geminorum . 

+  .72 

—1.  54 

6 

Geminorum . 

-  .17 

—2.  48 

P 

Canis  Minoris . 

+  .09 

—  .73 

1C 

Geminorum . 

+  .81 

—1.  51 

p 

Geminorum . ‘ . 

—  .21 

—  .43 

p 

Geminorum . 

+  .01 

— 1.  49 

p 

Argus  . . 

—  .  10 

—  .62 

p 

Cancri . 

—  .31 

+  .04 

0 

Ursae  Majoris . 

+  .06 

+  .95 

(5 

Cancri . 

+  .03 

—1.08 

E 

Hydrte . 

—  .27 

—2.  54 

i 

Ursae  Majoris . 

—  .27 

—  .22 

Ursae  Majoris . 

+  .78 

+4.46 

1C 

Cancri . 

—  .12 

—2. 72 

a 

Lvncis . 

—  .12 

—  .20 

a 

Hydrae . 

+  .13 

—  .78 

e 

Ursae  Majoris . 

—  .33 

+  .60 

O 

Leonis . 

+  -47 

—  .60 

£ 

Leonis . . 

+  .03 

—1.  57 

V 

Ursae  Majoris . 

+  .33 

—  .20 

n 

Leonis . 

—  .39 

—  .15 

a 

Leonis . 

+  .06 

—1. 18 

Ursae  Majoris . 

—  .58 

+1.46 

y1 

Leonis . 

—  .33 

—3.10 

Ursae  Majoris . 

+  .26 

—1. 11 

p 

Leonis . 

—  .28 

—1.11 

53 

Leonis . 

—  .36 

—2. 26 

p 

Ursae  Majoris . 

+  .29 

—2. 16 

a 

Ursae  Majoris . 

+  .02 

—  .45 

Ursae  Majoris . 

—  .  15 

—  .54 

5 

Leonis . 

+  .19 

— 2. 09 

6 

Crateris . 

—  .59 

+  .30 

T 

Leonis . 

—  .14 

—1.80 

A 

Draconis . 

+  .42 

+3.2S 

N  B - 32 
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Table  Y — Continued. 


Star’s  name. 


v  Leonis . 

X  Urs :o  Majoris . 

(3  Leonis . 

(3  Virginis . . 

y  Urs®  Majoris . 

o  Virginis . 

d  Urs®  Majoris.. .. _ 

7]  Virginis . 

/3  Corvi . 

k  Draconis..... . 

B.  A.  C.  4:142 . 

e  Ursse  Majoris . 

a  CauumVenaticorum 

6  Virginis  . . . 

a  Virginis . . 

C1  Urs®  Majoris . 

f  Virginis . 

r>  Ursse  Majoris . 

i}  Bootis . 

a  Draconis... . 

n  Bootis . 

X  Bootis . 

6  Bootis . 

p  Bootis . 

y  Bootis . 

5  Ursse  Minoris  . . 

e1  Bootis . 

a2  Librse . 

/ 3  Urs®  Minoris . 

(3  Bootis . 

/3  Librse . 

fi  Bootis . 

y2  Ursse  Minoris . 

t  Draconis . 

a  Coronse  Borealis .... 

a  Serpentis . 

e  Serpentis . 

C  Urs®  Minoris . 

6  Scorpii . 

(31  Scorpii . 

0  Draconis . 

6  Ophinclii . 

r  Herculis . 

a  Scorpii . . . 

tj  Draconis . 

15  Draconis . 

a  llerculis . 

f  Herculis... . 

7]  Herculis . 

k  Ophiuchi . 


1845. 

Star’s  name. 

1845. 

A  (5 

Afj,1 

Ad 

A  /jf 

// 

—  .68 

// 

-4-1. 08 

e 

Herculis . 

u 

+  .35 

// 

—2.  31 

+  .04 

—  .43 

e 

Urs®  Minoris . 

+  .  19 

—  .63 

+  .26 

—2.  44 

a1 

Herculis . . . 

+  .20 

—  .34 

—  .01 

—1.00 

p2 

Herculis  . . 

—  .11 

—1.14 

+  .20 

—  .25 

p 

Draconis..... . 

+  .13 

+  .41 

—  .40 

—2. 54 

a 

Opbiucbi . 

+  -11 

—1.05 

—  .14 

—  .16 

0) 

Draconis . 

—  .31 

+1.76 

—  .39 

—1.76 

1* 

Herculis . 

+  .02 

—1.  47 

—  .34 

—  .06 

Draconis . 

—  .01 

+  .59 

—  .63 

+2. 80 

7 

Draconis . 

—  .05 

+  .35 

+  .57 

+3.  83 

V 

Sagittarii . 

—  .42 

+  .34 

+  .31 

+3.  43 

6 

Urs®  Minoris  . . . 

+  .01 

+  .66 

—  .06 

—  .83 

V 

Serpentis . 

+  .36 

—2. 02 

—  .08 

—2. 54 

X 

Draconis . 

+  .46 

+  .08 

+  .05 

—1.00 

a 

Lyr® . . . . 

+  .36 

—1.63 

+  .00 

+  .35 

el 

Lyr® . 

—  .68 

+  .91 

—  .33 

—2. 70 

p 

Lyr® . 

+  .21 

—2.  85 

+  .10 

— 1.01 

G 

Sagittarii . . . 

—  .02 

—  .05 

—  .21 

—  1.45 

O 

Draconis . 

+  .25 

—  .84 

+  .23 

+  .22 

e 

Aquil® . . . 

—  .23 

+  .35 

—  .23 

—2.02 

X 

Aquil® . 

+  .13 

—  .73 

—  .43 

+1.03 

c 

Aquil® . 

+  .13 

—  .47 

—  .14 

—  .70 

(5 

Draconis . 

+  .11 

+  .81 

+  .22 

—1.14 

K 

Cygui  . 

—  .33 

+  .60 

+1.02 

—1.41 

T 

Draconis . 

+  .42 

+1. 17 

+  .63 

+3.  32 

6 

Aquil® . 

+  .05 

+  .45 

—  .09 

+  .28 

t2 

Cygni  . 

—  .03 

—  .43 

+  .05 

—  1.87 

K 

Aquil® . 

—1. 27 

—2. 84 

—  .07 

+1.05 

6 

Cygni  . 

—  .45 

+1.85 

—  .02 

—  .70 

7 

Aquil® . . . 

+  .00 

—  .25 

+  .04 

—  .97 

(5 

Cygni  . 

+  .20 

—2. 61 

—  .30 

—  .57 

a 

Aquil® . 

+  .04 

—  .10 

—  .10 

—  .13 

p 

Aquil® . 

—  .14 

—  .74 

+  .12 

—  .28 

X 

Urs®  Minoris . 

+  .26 

+1.18 

—  .02 

— 1.  00 

o2 

Cygni . 

—  .21 

+  .40 

+  .03 

—  .57 

a2 

Capricorni . 

—  .30 

+  .53 

—  .22 

—1.85 

K. 

Cephei . 

+  .36 

+2. 50 

—  .  13 

—  .39 

7 

Cygni . 

+  .42 

—1. 97 

+  .61 

—2. 74 

0 

Cephei . 

+  .10 

+  .74 

+1.62 

—5.77 

a 

Delpbini . 

+  .61 

—1.76 

+  .03 

”f*  .  73 

a 

Cygni  . 

+  .03 

—  .88 

—  .34 

+  .59 

€ 

Cygni  . 

+1.89 

—2.41 

—  .30 

—  .36 

V 

Cephei . . 

—  .39 

+1.37 
—2.  81 

—  .05 

—1.20 

a4 

Aquarii . 

—  .68 

+  .16 

—  .48 

V 

Cygni  . 

—2. 57 

+1.41 

+  .01 

+  .84 

OUCvgni . 

+  .61 

+  .10 

—  .  17 

+  .45 

c 

Cygni  . 

—  .  45 

—1.39 

+  .03 

+  .28 

a 

Cephei . 

—  .07 

+1.68 

—  .69 

—3. 00 

p 

Aquarii . 

+  .07 

—  .34 

—  .01 

—  .39 

(3 

Cephei . 

—  .01 

+1.33 

193] 
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Table  V — Continued. 


Star’s  name. 

1845. 

Star’s  name. 

1845. 

A8 

A  p' 

AcS 

A  fj! 

e  Pegasi . 

// 

+  .04 
—  .  13 

// 

5  Pegasi .  . 

// 

—  .46 

// 

+2.01 
—  .01 

v  Cephei . 

+1.20 
—  .72 

A  Pegasi . 

—  .  10 

16  Pegasi...... . . 

+  .00 
—  .  10 

i  Cephei _  _ 

+  .07 
—  .37 

+1.20 
—2.  07 

a  Aquarii.... . . 

—  .40 

A  Aquarii . . . 

£  Cephei . 

+  .24 

—  ,36 

—1.09 

a  Piscis  Australis . 

—  .66 

+1.75 

—1.82 

6  Aquarii . 

—1.53 

a  Pegasi  _ . _  _  . . 

+  .33 
+  .53 
—  .54 

y  Aquarii . 

—  .10 

+  .49 
+1.77 
—  .43 

o  Cephei......... . 

+4.  63 
+1.21 
+  1.12 
— 1.  04 

<52  Cephei.. . 

-f  .00 
+  .08 
—  .06 

a  Lacertaa . 

y  Cephei . . 

+  .04 
—  .47 

t)  Aquarii.... . 

+2.  20 

The  general  condition  in  the  selection  of  the  stars  of  Table  Y.  is,  that  the  weight  of 
A  p!  as  determined,  by  the  adopted  weights  (p.  72)  shall  be  at  least  .5.  In  two  or  three 
instances  it  fell  below  this  amount  by  trilling  quantities.  Column  G„  “Details  of  Cor¬ 
rections  to  Assumed  Declinations,”  contains  the  values  of  C ,  corrected  for  the  proper 
quantities  taken  from  Tables  II.  and  IY.  From  these  A  8  and  A  p'  are  computed. 
With  the  help  of  A  8  and  A  p',  the  correction  to  the  assumed  declination  was  computed 
for  every  epoch  required.  Denoting  these  corrections  by  A  8 ',  we  have: 

r  =  A  8'  —  C. 

These  are  the  corrections*  to  various  catalogues  given  by  the  standard  declina¬ 
tions  of  Table  Y;  and  from  these,  arranged  by  catalogues  and  successively  in  the 
order  of  declination  and  right  ascension,  the  definitive  systematic  corrections  are 
derived  for  all  catalogues  ;  a  few  excepted  which  were  of  small  weight,  or  which  con¬ 
tained  few  observations  of  standard  stars. 


Determination  of  Definitive  Systematic  Corrections  and  ic  eights. 


For  convenience  the  residuals  were  combined  in  groups  embracing  generally  not 
more  than  5°,  when  discussed  in  order  of  declination,  and  two  hours  in  order  of  right 
ascension.  To  effect  these  combinations,  weights  are  assigned  in  each  particular  case, 
which  are  based  either  on  special  investigations  made  in  this  paper,  or  elsewhere;  or 
upon  an  empirical  law  derived  from  a  consideration  of  the  circumstances  surrounding 
the  observations,  or  their  reduction.  The  usual  form  of  this  law  has  been : 


— 


E2 

2/  + 


n 


Where  E  is  the  probable  error  of  a  single  observation,  or  of  the  unit  of  weight,  and 
the  other  quantities  have  the  same  signification  as  in  the  discussion  of  Washington 


*  For  the  values  of  r  consult  “Details  of  Corrections,”  etc. 
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declinations  (p.  4G).  For  tlie  ratio  — ,  an  integer  was  always  used,  since  it  must  nec- 

£/ 

essarily  be  a  mere  approximation.  The  weights  attached  to  means  of  groups  were 
made  use  of  in  the  graphic  process,  by  means  of  which  the  corrections  in  order  of 
declination  are  invariably  deduced.  The  choice  of  scale  in  plotting  the  residuals, 
depends  upon  the  accuracy  of  the  catalogue  places  under  consideration,  and  was 
always  such,  that  the  relative  weights  could  be  clearly  represented  by  circles  drawn 
about  the  points  to  which  they  respectively  belong. 

It  was  my  original  intention  to  investigate  nearly  all  the  corrections  by  the  use  of 
periodic  formulae;  but  the  time  at  my  disposal  proved  too  limited  for  the  purpose,  and 
it  may  be  doubted  whether  such  a  course  is  really  desirable  for  the  corrections  which 
depend  upon  the  order  of  declination. 

Extreme  accuracy  is  not  to  be  expected  in  the  corrections  derived  from  graphic 
process.  The  temptation  to  make  abrupt  changes  in  direction  of  the  curve,  iu  order 
to  represent  what  may  be  mere  accidental  accumulation  of  errors,  has  been  steadily 
resisted.  On  the  other  hand,  where  even  a  slight  peculiarity  is  found  to  be  persistent 
for  a  number  of  catalogues  under  the  same  circumstances  ( i .  e.,  at  the  same  observa¬ 
tory  or  with  the  same  instrument),  it  has  been  respected.  Such  peculiarities  have  been 
noticed  in  the  later  Greenwich  and  Radcliffe  catalogues,  and  in  others.  Theoretical 
considerations  have  sometimes  received  weight  iu  deciding  the  general  direction  of 
curves,  especially  where  refraction  exerts  an  important  influence. 

Corrections  depending  on  right  ascension  have  generally  been  viewed  with  suspi¬ 
cion.  In  many  cases,  however,  they  are  important  and  clearly  indicated,  and  iu  others 
they  might  have  been  safely  expected.  Where  the  correction  appears  to  follow 
approximately  the  same  law  in  successive  catalogues  of  the  same  series  we  may  adopt 
it  without  hesitation.  The  separation  of  the  residuals  into  two  or  more  zones  has 
always  been  made  before  accepting  a  correction  as  definitive. 

The  adopted  form, — 

#  sin  a  +  y  cos  a, 

has  some  support  in  theory,  and  is  here  invariably  adopted  iu  corrections  of  this  class. 

Corrections  to  Declinations  from —  30°  to  —  90°. 

The  continuation  of  the  curves  of  correction  from  —  30°  to  —  90°  offers  only  a 
rough  approximation. 

The  corrections  to  O.  G.  H.  31,  S.  H.  31,  O.  G.  H.  33,  So  51,  So  55,  O.  G.  H.  58,  Me  02, 
and  Me  08,  were  first  approximately  determined  between  the  limits  —  10°  and— 30°. 
These  approximations  are  almost  identically  those  of  the  final  table,  and  are  formed 
on  the  same  basis — the  only  difference  being  that  the  general  direction  of  the  curve 
of  correction  was  better  ascertained  after  its  approximate  character  was  known  for 
the  southern  limit.  A  value  of  the  correction  being  assumed  for  declination  —  30°, 
the  remaining  values  were  directly  interpolated  from  this  point,  so  as  to  have  the  value 
zero  at  declination  —  90°.  These  preliminary  values  are  in  some  cases  quite  different 
from  those  of  the  definitive  table  (IX.).  The  following  table  contains  these  prelimi¬ 
nary  corrections  as  actually  used.  Under  the  designation  of  each  authority,  is  also 
given  the  weight  assigned  to  it  in  the  discussion  of  A  8  and  A  When  the  number 
of  observations  is  three  or  four,  the  weight  is  one-half  that  which  otherwise  would 
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have  been  assigned;  when  it  is  two,  the  weight  is  three-tenths,  and  one  observation  is 
always  rejected. 


Table  VI. 


d 

C.G.  II.  31. 

S.II 

.31. 

C.G. 

EL  33. 

So 

51 

So 

55 

C.  G.  II.  58. 

Mo 

02. 

Me  08. 

o 

// 

It 

// 

II 

II 

II 

II 

—  30 

00 

+ 

.  50* 

+ 

.90 

+ 

.80 

— 

.50 

00 

"4* 

.87 

—  .  57 

—  40 

00 

+ 

.42 

+ 

75 

.07 

— 

.42 

00 

+ 

.73 

—  .48 

—  50 

00 

+ 

.  34 

+ 

.00 

+ 

53 

— 

.34 

00 

4- 

.58 

—  .38 

—  00 

00 

+ 

.25 

+ 

.45 

+ 

.40 

— 

.25 

00 

+ 

.44 

—  .29 

—  70 

00 

+ 

.  17 

+ 

.30 

+ 

.26 

— 

.  17 

00 

+ 

.29 

—  .  19 

—  80 

00 

+ 

.08 

+ 

.  15 

+ 

13 

— 

.08 

00 

+ 

.15 

—  .  10 

—  90 

00 

+ 

00 

00 

00 

00 

00 

00 

00 

Weight.. 

1 

2 

2 

o 

2 

4 

2 

3 

*  The  corrections  S.  II.  31  are  applicable  directly  to  catalogue  places. 


For  convenience,  the  epoch  of  A  S  is  taken  for  these  few  stars  at  1850.  The  values 
of  A  5  and  A  f  thus  determined,  are  shown  in  Table  VII.,  which  contains  only  stars 
whose  declinations  are  given  both  in  S.  H.  31  and  C.G.  H.33. 

Table  VII. 

First  approximation  to  Ad  and  A; A  for  stars  between  —  30°  and — 90°. 


Star’s  name. 

A<5  1850. 

< 

/3  Hvdri _ _ _ _ 

// 

—  .02 

17.7 

II 

+  .  57 
—2. 71 

.32 

y  Phoenicia _ _ _ 

+  .'27 
-f  .33 

—  .  13 

7.  1 

.18 

a  Eridani. .... .... _ 

15.9 

—1. 13 

.32 

0l  Eridani ..... _ _ 

10.5 

—  .81 

.22 

n  Columbia  ... _ .... _ 

—  .34 

15. 9 

—  .27 

.32 

/?  Columba) . ...... _ 

+  .07 
—  .43 

11.3 

—  .85 

.25 

.32 

(i  Argus _ ...... _ 

17.7 

+  1.32 
—  .70 

C  Arcus  .  . . 

—  .05 

8.5 

.21 

H  Argus  .... ...... _ _ 

+  .32 
—  .33 

10.5 

—2. 13 

.22 

/.  Argus _ _ _ ... 

12.9 

+1.30 
—  .43 

.25 

t]  Argus . .  ...... 

—  .08 

10.2 

.28 

+  .31 
+  .15 
+1. 13 
+  .51 
+  .72 
—  .42 

10. 1 

+  .04 
—2. 09 

.27 

a1  Crucis _ _ _ _ _ _ 

12.  0 

.29 

jj  Centauri _ _ _ _ 

10.4 

—5. 27 

.32 

a2  Centauri _ _ _ _ _ _ 

13.0 

—8. 28 

.22 

a  Triang.  Australis _ 

14.4 

—4.  58 

.27 

t)  Scorpii . . 

9.4 

+  .  23 
[-  AO] 
—2. 29 

.20 

o  Octant, is . . 

[+  .11] 
+  .40 
—  .37 

a  Pavonis . . 

11.  7 

.26 

a  Gruis  .........  * ...... . 

12.7 

+2.  00 

.28 

I  estimate  the  probable  error  of  the  unit  of  weight  to  he  ±  .4.  This  would  give 
for  a  verage  probable  error  of  A  d  ±  .1,  and  for  A  f  +  .8. 

In  discussing  the  probable  error  of  tho  unit  of  weight  for  each  catalogue,  the  stars 
from  —  30°  to  —  90°  were  not  used  in  any  case. 
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Discussion  of  Individual  Catalogues. 

The  examination  of  the  systematic  corrections  and  probable  errors  of  each  catalogue 
will  now  be  presented.  A  brief  explanation  will  probably  suffice  to  make  the  process 
easily  understood.  The  relative  weights  of  the  individual  values  of  r  for  a  given 

catalogue,  were  first  assigned,  usually,  by  deciding  upon  a  value  for—.  The  following 

£/ 

table  is  constructed  with  the  arguments,  number  of  observations,  and  — ,  where  e  is  that 

! 

part  of  the  probable  error,  which  is  supposed  to  diminish  in  proportion  to— ==,?» 

v  n 

being  number  of  observations,  and  e ,  the  minimum  probable  error,  or  probable  error 
when  n  is  a  maximum. 

Table  VIII. 


^  I  03 

II 

iO 

e-  =  3 
e, 

-  «=  4 

n 

7r; 

n 

fi7 

n 

7I7 

i 

i 

i 

1 

i 

1 

2  and  3 

2 

2 

2 

2 

2 

4 

2.5 

3 

2.5 

3  and  4 

3 

5  to  9 

3 

4 

3 

5 

4 

10  to  35 

4 

5  to  7 

4 

6  and  7 

5 

36,  or  more. 

5 

8  to  11 

5 

8  and  9 

6 

12  to  16 

6 

10  to  12 

7 

17  to  27 

7 

13  to  16 

8 

28  to  51 

8 

17  to  20 

9 

52,  or  more. 

9 

21  to  25 

10 

26  to  33 

11 

34  to  44 

12 

45  to  62 

13 

63  to  92 

14 

93,  or  more. 

15 

With  the  chosen  weights,  the  values  of  r  were  combined  in  order  of  declination 
into  convenient  groups,  r0,  embracing  generally  not  more  than  5°  of  declination.  From 
these  the  curve  is  carefully  drawn.  The  values  in  column  C0  are  taken  from  this  curve. 

The  outstanding  residuals  r'  (formed  by  subtracting  from  the  individual  values  of 
r  the  correction  from  the  curve)  are  then  arranged  in  order  of  right  ascension  and  in 
groups,  embracing  each  about  two  hours.  Mean  a  is  usually  given  to  nearest  hour, 
unless  the  fractional  difference  is  more  than  two  or  three  tenths.  In  discussion,  the 
nearest  degree  of  a  was  taken.  In  order  to  facilitate  examination,  the  corrections  in 
order  of  a  have  been  in  all  cases  arranged  in  two  or  more  zones  of  declination,  but 
where  such  an  arrangement  is  of  no  particular  interest  it  is  here  omitted. 

In  a  few  cases  the  correction  in  order  of  declination  has  been  rediscussed  after 
subtracting  from  r  the  respective  values  of  x  sin  a  -(-  y  cos  a,  but  this  has  not  usually 
been  considered  necessary. 

Following  the  discussion  of  correction  of  each  catalogue  is  a  statement  of  the 
probable  error,  derived  from  the  outstanding  residuals  after  subtracting  the  proper 
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systematic  correction  from  tbe  separate  values  of  r.  The  result  of  no  star  was  taken, 
which  at  the  given  observatory  culminates  at  a  zenith  distance  greater  than  70°. 
These  probable  errors  are  somewhat  too  small  for  the  catalogues  used  in  forming  Table 
V.,  and  slightly  too  large  for  all  others.  The  former  difficulty  is  remedied  in  a  few 
instances  by  the  adoption  of  probable  errors  fmnded  on  special  discussions.  Kg  21, 
Dt  24,  Pa  45,  Wn  G8,  and  Wn  72,  are  examples  of  this  kind.  These  probable  errors 
are,  of  course,  not  the  absolute  probable  errors ;  they  express  simply  liability  to  fortu¬ 
itous  errors,  after  systematic  corrections  have  been  applied.  They  are  required  for 
the  purpose  of  constructing  a  table  of  relative  weights  to  be  used  in  the  discussion  of 
definitive  places. 

In  deriving  the  probable  error  (U)  of  a  single  observation,  a  quantity  m  was  always 
subtracted  from  the  number  of  residuals  before  dividing  the  sum  of  squares  multiplied 
by  weights — that  is,  the  probable  error  of  the  unit  is  derived  on  the  estimate  that  an 
equal  degree  of  accordance  could  have  been  secured  with  a  formula  of  correction  con¬ 
taining  m  terms. 

Po  1800. 

Each  declination  is  supposed  to  be  entitled  to  the  same  weight.  The  groups 
embrace  each  about  2°  of  d. 

Residuals  in  order  of  declination. 


Mean  d 

7 t' 

r0 

Co 

Mean  4 

TV1 

r0 

C'O 

o 

// 

u 

o 

// 

// 

4-  86.7 

5 

—  .23 

.00 

+ 

23.9 

4 

— 

1.70 

—  1. 22 

+  76.3 

6 

4-  .90 

.00 

+ 

22.1 

6 

— 

.88 

—  1.27 

+  72.0 

5 

—  .71 

.00 

+ 

19.6 

6 

— 

.94 

—  1.41 

+  69.5 

4 

—  .54 

.00 

+ 

15.3 

8 

— 

2. 02 

—  1.83 

+  67.2 

4 

4-  .26 

.00 

+ 

13.5 

5 

— 

2. 17 

—  1.85 

4-  65.3 

2 

4-  .15 

.00 

+ 

10.3 

9 

— 

1.79 

—  1.61 

+  62.0 

7 

-f-  •  35 

.00 

+ 

8.4 

8 

— 

1.35 

—  1.36 

-f  59. 7 

8 

—  .11 

.00 

+ 

6.6 

5 

— 

.20 

—  1.20 

+  57.3 

8 

—  .24 

—  .  05 

+ 

3.6 

7 

— 

.71 

—  1.13 

+  55.3 

3 

4-  .12 

—  .05 

0.5 

/ 

— 

2.  04 

—  1.59 

+  52.  4 

7 

4-  .19 

—  .15 

— 

3.6 

5 

— 

2.72 

—  2.  04 

+  49.4 

7 

—  .60 

—  .22 

— 

7.2 

3 

— 

2.20 

—  2.24 

+  46.8 

5 

—  .30 

—  .40 

— 

9. 1 

7 

— 

1.76 

—  2. 22 

4-  44.  5 

6 

—  .82 

—  .54 

— 

14. 1 

4 

— 

2.  40 

—  1.79 

+  41.7 

5 

—  .24 

—  .90 

— 

18.7 

3 

— 

.80 

—  1.25 

4-  39.5 

7 

—1.19 

—1.04 

— 

22.4 

4 

— 

1. 12 

—  1.05 

4-  37.7 

3 

—3.  33 

-1.19 

— 

27. 1 

3 

— 

1.08 

—  1.00 

4-  34.0 

6 

—2.  05 

—1.44 

— 

30.0 

l 

— 

1.40 

—  1.00 

4-  31.  4 

3 

—1.  19 

—1.45 

— 

35.0 

2 

+ 

.08 

—  1.00 

+  28.4 

6 

—  .77 

—1.30 

— 

42. 1 

5 

2.21 

—  1.00 

+  26. 6 

4 

—1.  33 

—1.23 

In  drawing  the  curve  much  assistance  was  derived  from  the  comparison  of  Ao  29 
and  Po  1800,  made  by  Argelander  (Abo  Catalogue,  p.  xi).  If  we  denote  by  yS  the  cor¬ 
rection  to  Gh  1755,  and  by  ft  the  definitive  correction  to  Ao  29  (Table  IX.),  we  shall  have 

£_  (p  —  f)  -j-  /?'  for  stars  south  of  51°.5  declination,  and  7—  (i9  —  ft)  +  for  the  remain- 
74  /  t 

der,  as  the  correction  to  be  applied  to  the  comparison.  The  drawing  of  the  curve 
proved  to  be  extremely  difficult,  but  its  values  are  adopted  in  the  discussion  of  all 
stars  except  the  few  reserved  for  treatment  with  catalogues  of  Class  III. 

The  separate  outstanding  residuals,  grouped  in  the  order  of  a,  give: — 
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Residuals  in  order  of  right  ascension. 


Mean  a 

Declinatiou  limits. 
—  30°  to  +  40° 

• 

Declination  limits. 
—  30°  to  +  0° 

Declination  limits. 

—  30°  to  +  90° 

rd 

jr' 

rd 

t r' 

rd 

Cd 

h. 

1 

11 

// 

+  .78 

2 

U 

+  .90 

23 

// 

+  .35 

// 

—  .04 

3 

7 

+  .54 

3 

+  .47 

10 

+  .42 

+  .25 

5 

10 

+  .03 

4 

+  .90 

10 

+  .46 

+  .46 

7 

12 

+  .44 

2 

—  .80 

13 

+  .29 

+  .56 

9 

9 

+  .07 

1 

+1.00 

14 

+  .71 

+  .50 

11 

10 

—  .41 

4 

—  .75 

19 

—  .  16 

+  .31 

13 

7 

+  .79 

5 

+  .72 

12 

+  .42 

+  .04 

15 

12 

+  .40 

5 

+  .50 

20 

+  .52 

—  .25 

17 

10 

—  .91 

2 

—  .50 

19 

—  .89 

—  .46 

19 

13 

—  .99 

5 

—  .82 

21 

—  .89 

—  .56 

21 

11 

—  .91 

4 

—  .90 

21 

—  .39 

—  .50 

23 

10 

—  .93 

5 

—  .74 

16 

—  .47 

—  .31 

The  values  of  r0'  taken  between  tbe  limits  —  30°  and  +  90°  of  declination  give 
the  following  correction: — 

_  "04  +  (".53  ±  ".085)  sin  a  -  ("IS  ±  ".085)  cos  a. 

The  formula  reduces  the  sums  of  squares  from  351"  to  312".  With  m  =  10, 

E  =  ±  ".85. 

To  derive  the  final  curve  (order  of  3)  for  use  with  stars  of  Section  X.,  the  resid¬ 
uals  resulting  from  the  definitive  places  of  3S0  stars  were  first  diminished  by  the  value 
of  the  periodic  term  +  ".53  siu  a  —  ".18  cos  a.  The  result  of  no  star  is  accepted  whero 
the  probable  error  of  A  f  is  estimated  to  be  greater  than  ".8,  and  where  the  same  is 
betweeu  ".0  and  ".8  the  corresponding  residual  is  given  half  weight. 

Never  more  than  5°,  and  generally  not  more  than  4°,  of  declination  were  included 
in  a  single  group.  The  results  follow : — 


Residuals  in  order  of  declination. 


Mean  4 

7I7 

rd1 

Co 

Mean  6 

7Tf 

rd' 

Co 

o 

n 

// 

o 

// 

// 

+  85 

7* 

—  .15 

+  .13 

+  21 

25 

—  1.22 

—  1.57 

+  78 

9 

+  .-1 

+  .36 

+  16 

19 

—  2.  03 

—  1.02 

+  73 

12 

+  .30 

+  .47 

+  11 

14 

—  1.84 

—  1.40 

+  09 

16 

+  .44 

+  .52 

+  6 

20 

—  .  86 

—  1.30 

+  04 

12 

+  .85 

+  .51 

+  1 

12 

—  1.43 

—  1.51 

+  59 

20 

+  .31 

+  .45 

—  5 

5 

—  2. 17 

—  1.86 

+  54 

15 

+  .  35 

+  .30 

—  9 

ii 

—  2.05 

—  1.94 

+  49 

23 

+  .17 

+  .02 

—  14 

5 

—  2. 18 

—  1.85 

+  44 

19 

—  .29 

—  .40 

—  19 

5 

—  .70 

—  1.56 

+  39 

30 

—1.23 

—  .  85 

—  23 

5 

—  1.70 

—  1.30 

+  34 

16 

—1.43 

—1.04 

—  28 

0 

—  .78 

—  1. 11 

+  30 

20 

—  .72 

—1. 10 

—  35 

2 

—  .70 

—  1.21 

+  26 

22 

—1.  30 

—1.41 

—  42 

5 

—  2.08 

—  1.5 

*  Polaris  is  givon  weight  2. 
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Of  the  380  stars  employed,  50  received  weight  .5.  The  carve  is  still  very  uncertain. 
From  0°  to  40°  declination  it  is  particularly  unsatisfactory.  By  making  abrupt  changes 
in  the  direction  of  the  curve  at  +  35°,  +  30°,  +  15°,  and  -f  5°,  the  observations  would 
be  much  better  represented.  I  did  not,  however,  feel  justified  in  taking  this  course. 
The  plus  residuals  from  40°  to  90°  average  much  larger  than  in  the  former  discussion. 
This  appears  to  be  almost  solely  due  to  accidental  causes.  Had  r0"  been  constructed 
without  correction  for  terms  in  a,  the  plus  residuals  would  have  been  reduced  less  than 
one-tenlh  of  a  second.  The  probable  error  of  the  unit  of  weight,  using  only  the  329 
residuals  with  weight  1,  north  of  —  30°,  is  ±  ".78,  and  considerably  smaller  than  before. 
For  stars  from  +  40°  to  +  90°  it  is  ±  ".88,  +  30°  to  +  40°  ±  1".02,  and  from  —  30°  to 
+  30°  ±  ".GO.  I  did  not  think  it  worth  while  to  repeat  the  investigation  of  terms  in  a. 

Bh  1810. 


From  r0  a  preliminary  correction  was  derived  and  used  before  discussing  terms  in 
a.  Column  r0"  is  formed,  taking  into  account  the  effect  of  these  terms.  C0  contains 
values  derived  from  the  definitive  curve. 

Residuals  in  order  of  declination. 


Mean  6 

7 r' 

J'o 

n>" 

C0 

o 

// 

// 

// 

86.5 

24 

-f  .35 

+  .07 

+  .10 

e  0 

76.2 

21 

+  .66 

+  .33 

4-  .36 

70.8 

33 

+  .57 

+  .33 

+  .31 

66.5 

22 

—  .0“ 

+  .25 

+  .19 

60.8 

58 

+  .  16 

.00 

+  .01 

56.7 

50 

—  .04 

—  .08 

—  .02 

50.9 

65 

-f  .25 

+  .18 

+  .  10 

45.6 

55 

+  .03 

+  .08 

+  .  10 

40.2 

57 

+  .06 

—  .01 

.00 

The  residuals  are  arranged  in  order  of  a  without  separation  into  zones  of  d.  As 
has  been  stated,  they  result  from  the  use  of  a  preliminary  correction  derived  from 
column  r0. 

Residuals  in  order  of  right  ascension. 


Mean  a 

7 r' 

rd 

li. 

n 

0.  99 

49 

—  .10 

3. 22 

13 

—  .06 

5. 09 

34 

-  .13 

9.  34 

30 

—1.20 

11.78 

48 

—  .30 

14.48 

49 

—  .10 

16.79 

52 

+  .10 

19. 63 

73 

+  .73 

22. 30 

37 

+  .57 

The  discussion  gives,  in  fair  accordance  with  those  of  Argelander  and  Auwers,  this 
correction : 


"  080  i  ".054  -  ("534  ±  ".077)  sin  a  -j-  (".404  ±  ".073)  cos  a. 


506  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION.  [100J 


With  m  =  7,  we  have: — 


E  =  ±  1".03* 


Kg  21. 


Within  the  groups  the  variation  in  precision  is  small. 


weight  1. 


Residuals  in  order  of  declination. 


Each  r  is  therefore  given 


Mean  S 

7T/ 

r0 

Co 

n 

// 

// 

+ 

87.6 

2 

— 

.13 

+ 

.01 

+ 

76.6 

3 

— 

.09 

-f 

.08 

+ 

70.8 

4 

+ 

.37 

+ 

.  12 

+ 

60.9 

7 

+ 

.03 

+ 

.18 

+ 

56.  3 

4 

+ 

.39 

+ 

.17 

+ 

51.1 

7 

— 

.03 

+ 

.  14 

+ 

44.7 

3 

— 

.07 

+ 

.09 

+ 

40.0 

7 

+ 

.12 

+ 

.06 

+ 

28. 1 

4 

+ 

.29 

+ 

.  06 

+ 

21.3 

2 

.08 

+ 

.  10 

+ 

14.5 

7 

+ 

.07 

+ 

.  13 

+ 

8.2 

4 

+ 

.16 

+ 

.  17 

+ 

4.0 

3 

+ 

.36 

+ 

.20 

1.1 

1 

+ 

.44 

+ 

.27 

- - 

9.1 

3 

+ 

.29 

+ 

.41 

— 

14.2 

2 

+ 

.36 

+ 

.53 

— 

27.6 

2 

+1. 25 

+ 

.84 

With  catalogue  probable  errors  as  an  argument,  and  with  the  probable  error  of 
unit  of  weight  ±  .30,  taking  m  =  4,  we  have  from  the  outstanding  residuals  E  =  ±  .30. 
The  probable  errors  given  in  the  catalogue  are  therefore  adopted  in  the  construction  of 
definitive  weights. 

Residuals  in  order  of  right  ascension. 


Declination  limits. 

Declination  limits. 

—  30°  to  +90° 

—  30°  to  +90° 

Mean  a 

7 t' 

To 

Mean  a 

TV1 

rd 

// 

II 

1 

6 

+  .15 

13 

3 

—  .03 

3 

3 

—  .  13 

15 

8 

—  .26 

5 

7 

—  .21 

17 

8 

—  .08 

7 

1 

+  .  10 

19 

8 

—  .  17 

9 

2 

—  .  05 

21 

8 

+  .14 

11 

5 

+  .26 

23 

4 

+  .08 

*  In  forming  an  opinion  as  to  the  precision  of  the  declination  determinations  of  various  catalogues 

E 

it  is,  of  course,  necessary  to  consider  the  value  of  E  in  connection  with  the  ratio  -.  In  many  cases  the 

valuo  of  E  does  not  refer  at  all  to  the  probable  error  of  a  single  observation  ;  and  when  it  can  be  so  con¬ 
strued,  it  is  often  and  necessarily  a  rough  approximation.  The  most  that  can  be  said  is  that  the  adopted 
law  of  probable  errors  for  a  given  catalogue  is  calculated  to  give  with  tolerable  fidelity  the  probable 
errors  due  to  the  numbers  of  observation  most  frequently  occurring  with  the  stars  of  Table  V. 
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Gh  22. 

The  use  of  the  correction  zero  adopted  in  Section  VI.  is  continued,  since  no  further 
material  is  available.  The  correction  —  'Ml  actually  results. 

Residuals  in  order  of  right  ascension. 


Mean  a 

7 t' 

rd 

Mean  a 

71 J 

rd 

1 

3 

// 

—  .06 

13 

1 

// 

—  .10 

3 

1 

—  .70 

15 

4 

+  .10 

5 

4 

+  .08 

17 

3 

—  .12 

7 

1 

.00 

19 

3 

-f-  .08 

9 

2 

—  .65 

21 

3 

—  .22 

11 

1 

—  .20 

23 

2 

—  .35 

Dt  24. 

The  weights  correspond  to  the  probable  errors  of  the  catalogue,  and  the  unit  of 
weight,  to  a  probable  error  of  ±  ".25. 

Residuals  in  order  of  declination. 


Mean  <5 

7 T1 

r0 

Co 

o 

// 

// 

+  86.5 

10 

—  .07 

—  .04 

+  76.3 

n 

—  .04 

—  .16 

+  71.1 

13 

-  .27 

—  .20 

+  66. 1 

11 

—  .19 

—  .23 

-f  61.4 

16 

—  .32 

—  .25 

-j-  56.  4 

16 

—  .29 

—  .27 

+  50.4 

18 

—  .25 

—  .25 

+  45.2 

12 

—  .23 

—  .22 

+  40.0 

13 

—  .23 

—  .19 

+  32.1 

3 

—  .74 

—  .14 

4-  28.1 

8 

—  .09 

—  .13 

+  21.3 

4 

+  .14 

—  .14 

+  14.6 

14 

—  .19 

—  .22 

+  8.2 

8 

—  .43 

—  .32 

+  4.0 

6 

—  .66 

—  .40 

—  1.1 

2 

—  .50 

—  .51 

—  9.1 

6 

—  .49 

—  .70 

—  14.0 

1 

—  .59 

—  .82 

—  26.1 

2 

—1. 32 

Excluding  a  and  d  Ursm  Miuoris,  and  with  m  =  4,  we  have: — 

E  =  ±  ".26. 

The  catalogue  probable  errors  are  adopted. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  90° 

Declination  limits. 

—  30°  to  +  90° 

Mean  a 

tt' 

rd 

Mean  a 

7t' 

rd 

// 

// 

1 

13 

—  .06 

13 

16 

+  .02 

3 

7 

+  .06 

15 

24 

+  .10 

5 

17 

—  .10 

17 

19 

—  .53 

7 

2 

+  .30 

19 

18 

—  .02 

9 

11 

+  -11 

21 

18 

—  .07 

11 

19 

—  .02 

23 

11 

x  +  .12 

Ya  29. 


Each  r  receives  weight  1. 


Residuals  in  order  of  declination. 


Mean  <5 

+ 

r0 

C0 

o 

// 

// 

+  74.8 

1 

+  .50 

+  .40 

+  69.9 

1 

+  .81 

+  .40 

+  62.2 

o 

—  .39 

+  .40 

+  55.1 

2 

+  .80 

+  .38 

+  50.3 

3 

+  .01 

+  .31 

+  45.2 

2 

—  .03 

+  .24 

+  38.7 

1 

+  '.81 

+  .14 

+  28. 1 

4 

—  .  19 

—  .08 

+  21.3 

2 

—  .31 

—  .19 

-f  14.3 

7 

+  .05 

—  .15 

+  8.2 

4 

—  .14 

—  .13 

+  4.8 

2 

—  .08 

—  .10 

—  1.1 

1 

—  .53 

—  .06 

—  9.1 

3 

—  .13 

—  .01 

No  attempt  is  made  to  discuss  terms  in  a.  With  m  =  4,  we  have: — 


E  =  ±  ".47. 
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Ao  29. 

Residuals  in  order  of  declina  tion. 


Mean  4 

7T/ 

r0 

Co  , 

o 

// 

// 

4-  88.0 

7 

+  .20 

00 

e 

+  70.  6 

33 

+  .00 

00 

—  3 

+  71.6 

34 

—  .01 

00 

+  66.  3 

33 

+  .02 

00 

+  61.2 

80 

—  .05 

00 

-j-  56. 5 

58 

—  .02 

00 

+  50.6 

74 

+  .09 

—  .02 

+  45.6 

77 

—  .13 

—  .07 

+  39.  3 

60 

—  .15 

—  .14 

+  34.0 

46 

—  .21 

—  .17 

+  27.  4 

47 

—  .20 

—  .24 

+  20.9 

43 

—  .30 

—  .23 

4-  14.4 

68 

—  .33 

—  .  32 

4-8.4 

41 

—  .32 

—  .38 

+  4.6 

53 

—  .47 

—  .44 

—  1.5 

25 

—  .67 

—  .54 

—  9.1 

27 

—  .  58 

—  .66 

—  14.0 

21 

—  .88 

—  .70 

—  18.8 

5 

—  .30 

—  .70 

—  26. 1 

9 

—  .70 

With  m  =  4,  we  have : — 


".40. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  90° 

Declination  limits. 

—  30°  to  +  90° 

Mean  a 

n/ 

Mean  a 

7 r; 

h. 

// 

h. 

// 

1 

119 

—  .  16 

13 

49 

+  .08 

3 

32 

—  .05 

15 

90 

+  .02 

5 

69 

—  .02 

17 

80 

+  .06 

7 

9 

.00 

19 

88 

—  .09 

9 

71 

+  .34 

21 

98 

+  .07 

11 

79 

.00 

23 

56 

—  .05 
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Gh  30. 


Each  r  is  given  equal  weight. 

Residuals  in  order  of  declination . 


Mean  <5 

Tz' 

To 

Co 

o 

+  86.3 

6 

n 

+  .55 

// 

+  .11 

+  76.7 

5 

—  .18 

+  .15 

+  70.8 

9 

+  .22 

+  .13 

+  C6.o 

4 

—  .  17 

+  .09 

+  60.8 

15 

—  .05 

+  .03 

+  57.  5 

10 

-  .18 

—  .06 

+  50.9 

14 

+  .03 

—  .28 

+  45.7 

12 

—  .47 

—  .50 

+  39.9 

16 

—1.00 

—  .76 

+  33.1 

9 

—1.14 

—1.02 

+  27.2 

11 

—1.29 

—1.19 

+  21.2 

14 

—1.09 

—1.29 

+  14.6 

13 

—1.51 

—1.31 

+  9.0 

19 

—1.36 

-1.31 

+  4.1 

9 

—1.11 

—1.34 

—  1.8 

12 

—1.51 

—1.41 

—  8.5 

10 

—1.28 

—1.62 

—  14.1 

4 

—2. 00 

—1.91 

—  18.7 

3 

—2. 10 

—2.  36 

—  22.4 

4 

—2. 75 

—2.67 

—  27.9 

4 

—2.9 

—2.9 

—  34.1 

1 

+9.3 

With  m  =  5,  we  have: — 


E=±  ".33. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +5° 

Declination  limits. 

+  400  t0  _3Qo 

Declination  limits. 
—  30°  to  +90° 

Mean  a 

7r' 

r0' 

»•(/ 

TV1 

r0' 

h. 

1 

2 

// 

—  .25 

u 

// 

+  .15 

21 

// 

+  .20 

3 

3 

+  .43 

7 

+  .24 

10 

+  .18 

5 

4 

+  .57 

10 

+  .12 

16 

—  .04 

7 

2 

+  .50 

12 

+  .13 

13 

+  .33 

9 

1 

—  .30 

9 

—  .16 

13 

+  .06 

11 

4 

—  .10 

10 

—  .14 

19 

—  .07 

13 

5 

+  .12 

7 

+  .09 

13 

.00 

15 

5 

+  .32 

12 

+  .03 

20 

—  .04 

17 

2 

—  .80 

10 

—  .45 

20 

—  .35 

19 

5 

—  .06 

13 

—  .  15 

21 

—  .03 

21 

4 

—  .  17 

10 

—  .  18 

20 

—  .16 

23 

5 

+  .30 

9 

+  -17 

14 

+  .08 

A  small  correction,  depending  ou  the  right  ascension,  may  be  indicated.  The 
discussion  was  not,  however,  undertaken. 
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C.  G.  H.  31. 

Residuals  in  order  of  declination. 


Mean  (5 

7 t! 

Co 

o 

+  12.7 

2 

// 

—  .88 

// 

+  .35 

s  „ 

+  8.2 

9 

+  .00 

+  .35 

e,  ~2- 

+  3.3 

3 

+  .61 

+  .35 

—  0.7 

7 

+  .55 

+  .35 

For  the  last  five  groups 

—  8. 4 

11 

+  .27 

“f*  •  35 

the  weights  are  estimated. 

—  17.9 

2 

+  1.02 

+  .35 

—  21.1 

4 

—  .60 

+  .35 

—  26.5 

3 

+  .61 

+  .35 

—  35.0 

2 

+1.08 

+  .17 

—  41.4 

2 

►  —  .51 

+  .03 

—  52.6 

1 

+  .38 

.00 

—  59. 9 

5 

—  .40 

.00 

—  78.1 

1 

+  .90 

.00 

The  correction  is  extremely  uncertain,  owing  to  the  small  number  of  observations, 
as  well  as  large  probable  error.  The  value  of  R  is  estimated  to  be  ±  1".2. 

The  declinations  have  not  been  employed  in  the  reduction  of  any  stars  between  the 
limits  of  declination  +  90°  and  —  30.° 


S.  H.  31. 


The  values  of  r  are  applicable  to  the  catalogue  places  as  reduced  with  Young’s 


refractions. 


Residuals  in  order  of  declination. 


Mean  S 

7Tl 

r0 

Co 

0 

// 

// 

+  73. 1 

15 

+  1.0 

+  1.30 

e  2 

+  65.1 

4 

•+■  •  1 

+  1.30 

e, 

+  62.4 

10 

+  1.37 

+  1.30 

+  56.2 

11 

+  1.20 

+  1.30 

+  51.0 

19 

+  1.76 

+  1.30 

+  44.7 

7 

+  1.20 

+  1.30 

+  38.7 

8 

+  .90 

+  1.30 

+  33.2 

6 

+  1.21 

+  1.30 

+  27.9 

33 

+  1.18 

+  1.30 

+  21.3 

18 

+  1.85 

+  1.30 

+  14.6 

53 

+  1.26 

+  1.30 

+  82 

35 

+  1.00 

+  1.26 

+  4.1 

24 

+  1.35 

+  1.21 

—  2.4 

55 

+  .79 

+  1.13 

—  8.5 

70 

+  1.22 

+  1.00 

—  14.1 

30 

+  1.32 

+  .86 

—  18.5 

18 

+  .24 

+  .74 

—  22. 9 

17 

—  1.09 

+  .05 

—  2H.  1 

31 

+  .71 

+  .61 

—  35.0 

2 

—  .13 

+  .60 

—  42.1 

5 

+  .69 

+  .60 

—  50.4 

2 

+  1.41 

+  .60 

—  59.2 

6 

+  .66 

+  .41 

—  74.8 

3 

+  .14 

+  .35 
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There  appears  to  be  a  well-marked  correction  depending  on  a,  as  is  shown  in  the 
following  table: — 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 

4-  5°  to  +  60° 

Declination  limits. 

—  30°  to  +60° 

Mean  a 

7T/ 

rd 

Mean  a 

7 r' 

rd 

Mean  a 

vr' 

rd 

h. 

// 

h. 

// 

h. 

II 

1.0 

16 

+  .25 

23.8 

29 

4-  .58 

0.7 

46 

+  .46 

3.3 

16 

+  .73 

2.5 

16 

4-  .98 

3.6 

32 

+  .86 

5.8 

25 

+  .26 

5.2 

18 

4-  .30 

5/7 

42 

4-  .02 

7.4 

14 

—  .89 

7.0 

9 

+  -10 

8.3 

24 

—  .25 

«J.  3 

9 

—  .  10 

11.2 

24 

—  .  75 

’  11.3 

31 

—  .46 

11.2 

7 

+  .50 

13.2 

31 

—  .  10 

13.0 

22 

—  .  39 

14.9 

34 

—  .38 

15.5 

69 

—  .66 

15.6 

44 

—  .61 

18.0 

36 

—  .12 

18.2 

52 

—  .23 

18.9 

28 

—  .28 

19.9 

32 

—  .  10 

19.9 

56 

—  .16 

21.8 

56 

+  .18 

22.3 

52 

+  .38 

rd  in  limits  —  30°  to  +  G0°  gives  the  correction  +  ".27  sin  a  -f-  ".47  cos  a.  The 
probable  error  of  each  coefficient  is  U  ".09. 

With  m  =  G,  we  have: — 

E  =  ±  1".  34. 

C.  G.  n.  33. 

Each  r  is  given  weight  1. 

Residuals  in  order  of  declination. 


Mean  <5 

rd 

r0 

Co 

o 

// 

// 

+ 

33.2 

1 

+ 

.35 

.31 

27.7 

7 

+ 

.41 

.54 

+ 

21.7 

7 

+ 

.69 

+ 

.48 

+ 

14.2 

8 

.25 

+ 

.11 

+ 

8.4 

7 

— 

.22 

.09 

+ 

3.7 

6 

+ 

.29 

— 

.  14 

— 

2.2 

5 

.10 

— 

.  10 

— 

8.0 

6 

— 

.02 

+ 

.10 

— 

14.1 

4 

+ 

.32 

+ 

.40 

— 

18.7 

3 

+ 

.70 

+ 

.65 

— 

22.4 

4 

4-1.05 

+ 

.79 

— 

27.9 

4 

+ 

.92 

+ 

.89 

— 

35.0 

2 

41-15 

*4“ 

.71 

— 

42.  1 

5 

+ 

.04 

*4“ 

.32 

— 

55. 1 

2 

— 

.60 

4- 

.05 

— 

59.2 

7 

+ 

.04 

4- 

.01 

75. 1 

3 

.  1L 

.09 

With  m  =  G,  we  have: — 


E=  4-  ".30. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

+  40°  to  —  30° 

Declination  limits. 

-f  40°  to  —  30° 

Mean  a 

7 r' 

To 

Mean  a 

7 T* 

ra‘ 

h. 

II 

h. 

II 

0.  35 

5 

4-  .10 

13.  40 

4 

+  .25 

3.00 

5 

—  .12 

15. 53 

9 

+  .02 

5.41 

8 

+  -19 

18.31 

7 

+  .09 

7.  0G 

5 

—  .34 

19. 72 

5 

—  .04 

10.  G7 

7 

+  .09 

22. 0G 

7 

—  .33 

Ce  34. 

Residuals  in  order  of  declination. 


Mean  6 

7 r' 

>0 

Co 

O 

II 

// 

+  87.9 

25 

—  .08 

.00 

£  —3 

+  75.5 

14 

+  .00 

—  .04 

+  09. 7 

14 

—  .25 

—  .  14 

-j-  66. 2 

17 

—  .18 

—  .24 

+  61.2 

31 

—  .  59 

—  .38 

+  56. 6 

43 

—  .28 

—  .52 

+  50.3 

23 

—  .71 

—  .70 

+  45.0 

21 

—  .87 

—  .78 

+  39  4 

15 

—  .79 

—  .83 

+  33.2 

8 

—  .57 

—  .82 

+  27.  8 

43 

—  .83 

—  .86 

+  20.4 

50 

—  .46 

—  .56 

+  14.3 

52 

—  .47 

—  .39 

+  8.5 

57 

—  .25 

—  .36 

+  4.1 

24 

—  .46 

—  .40 

—  0.8 

22 

—  .19 

—  .49 

—  8.4 

36 

—  .85 

—  .70 

—  14.0 

12 

—1.22 

—  .85 

—  19.  2 

10 

—  .62 

—  .96 

—  21.7 

9 

—  .79 

—  .99 

—  28.  4 

13 

—1. 25 

—1.00 

—  34. 1 

O 

—1.4 

With  m  =  5,  we  have: — 


E  db  ".70. 


N  B 


-33 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

Declination  limits. 

Declination  lim  its. 

Declination  limits 

+  40°  to- 

-30« 

+  40°  to +  90° 

—  30°  to  +  5° 

—  30°  to  +  90° 

Mean  a 

7 

rd 

7T7 

rd 

TV' 

rd 

7 r' 

rd 

h. 

1/ 

II 

II 

II 

1 

35 

+  .16 

32 

—  .23 

3 

—  .70 

07 

—  .01 

3 

22 

+  .58 

10 

—  .44 

8 

+  .30 

32 

+  .26 

5 

31 

—  .21 

11 

—  .  35 

5 

—  .20 

42 

—  .  25 

7 

24 

+  .04 

24 

+  .04 

9 

22 

+  .39 

5 

—  .50 

8 

+  .40 

27 

+  .23 

11 

32 

+  .03 

34 

+  •  14 

8 

— f-  *  0o 

06 

+  .09 

13 

26 

*“j~  .  11 

25 

-f  .23 

20 

+  .20 

51 

+  -17 

15 

50 

—  .00 

9 

+  .20 

14 

+  .42 

59 

—  .02 

17 

22 

-f-  .03 

9 

4-  .  12 

7 

+  .48 

31 

+  .06 

19 

49 

—  .  13 

17 

—  .05 

7 

—  .54 

06 

—  .  11 

21 

25 

—  .  12 

33 

4-  .  10 

25 

—  .  12 

58 

.00 

23 

21 

—  .45 

7 

—  .06 

4 

—  .25 

28 

—  .35 

No  certain  correction  following  a  appears  to  be  indicated. 


Mb  34. 


In  Observationes  Astronomical,  1833  and  1834,  Lainont  compares  his  declinations  of 
fundamental  stars  with  those  of  Bessel  and  Struve.  The  comparisons  are  used  in 
finding  the  curve  of  correction,  but  no  use  is  made  of  the  declinations  of  the  stars  so 
compared. 

Residuals  in  order  of  declination. 


Mean  4 

_/ 

r0 

r0 

o 

+  74.4 

12 

1/ 

—  .29 

II 

—  .29 

£-=3 

+  62.6 

14 

—  .36 

—  .49 

+  57.6 

7 

—  .68 

—  .56 

+  49.6 

27 

—  .74 

—  .62 

+  40.  1 

36 

—  .55 

—  .54 

+  32.0 

15 

—  .28 

—  .24 

+  27.7 

50 

+  .  01 

+  .01 

+  21.  0 

66 

+  .27 

+  .29 

-f  14.6 

72 

+  •  43 

+  .47 

+  9.1 

79 

+  .63 

+  .50 

+  4.3 

42 

+  .94 

+  .49 

—  1.5 

49 

—  .14 

+  .38 

—  9.0 

43 

+  .58 

+  -17 

—  14.2 

19 

-f  .70 

—  .01 

—  19.7 

9 

—  .43 

—  .19 

—  26.2 

20 

—  .61 

—  .5 
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Inadvertently  the  nutation  correction  was  not  applied  to  the  values  of  r  previous 
to  tlie  above  discussion.  The  outstanding  residuals  are: — 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  25°  to  +5° 

Declination  limits. 
-(-  5°  to  -f  75° 

Declination  limits. 

+  75°  to  —  25° 

Mean  a 

7 t‘ 

rd 

7r' 

rd 

TC1 

rd 

h. 

// 

// 

ft 

1 

2 

+  1- 

70 

42 

+  .49 

44 

+  .53 

3 

10 

+  • 

82 

9 

+  .01 

19 

+  .44 

5 

17 

11 

28 

”4“  - 11 

45 

-f  .03 

7 

-1 

—  1. 

50 

45 

—  .32 

49 

-  .42 

9 

19 

4-  • 

10 

28 

+  .16 

37 

+  .14 

11 

20 

45 

55 

—  .40 

75 

—  .41 

13 

20 

-  . 

01 

7 

—  .03 

27 

—  .04 

15 

17 

+  • 

34 

55 

+  -17 

72 

4-  .21 

17 

4 

40 

44 

—  .  17 

48 

—  .  19 

19 

13 

+  • 

05 

31 

+  .22 

44 

+  * 

21 

Id 

-  . 

07 

20 

-j-  .  17 

38 

-j-  .06 

23 

19 

+ 

41 

11 

-f  .63 

30 

+  .49 

Discussed  for  terms  in  a,  the  last  column  (-f-  75°  to  —25°)  gives: — 

+  ".03  sin  a  +  ".27  cos  a, 

which  agrees  well  with  the  nutation  correction  +  ".02  sin  «  4-  .18  cos  a.  The  latter  is 
therefore  adopted. 

With  m  =  5,  we  have: — 

E  =  ±  1".05. 

Eh  37. 


Residuals  in  order  of  declination. 


Mean  6 

ft' 

Vo 

Co 

o 

// 

// 

+  86.9 

24 

—  .18 

—  .21 

e  4) 

+  76.6 

15 

—  .37 

—  .23 

e.  ^ 

+  70.4 

7 

—  .18 

—  .23 

+  66.3 

6 

—  .  66 

—  .22 

+  61.  4 

26 

—  .  14 

—  .21 

+  56.0 

21 

—  .18 

—  .18 

+  50.8 

30 

—  .22 

—  .16 

+  45.  4 

16 

+  .01 

—  .15 

+  39.3 

16 

—  .10 

—  .16 

+  33.5 

10 

—  .43 

—  .18 

+  27.  6 

36 

—  .15 

—  .20 

+  21.2 

45 

—  .31 

—  .18 

4-  14.5 

46 

—  .25 

—  .04 

+  9.0 

56 

+  .31 

+  .03 

+  3. 9 

27 

4-  .07 

—  .03 

—  1.3 

29 

—  .24 

—  .17 

—  8. 6 

32 

—  .51 

—  .26 

—  14.  1 

15 

—  .23 

—  .26 

—  18.7 

9 

—  .  £5 

—  .18 

—  21.9 

9 

4-  .80 

—  .09 

—  28.6 

7 

+  .44 

+  •  ^ 

E  = 


With  m  —  8,  we  have: — 
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UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION.  [110 1 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

Declination  limits. 

Declination  limits. 

Declination  limits. 

— 

30°  to  -f  5° 

4  5°  to  -f  40° 

-f  40°  to  -f  90° 

—  30°  to  +90° 

Mean  a 

7 r' 

rd 

n' 

rd 

7r' 

rd 

4 

rd 

h. 

// 

V 

// 

// 

1 

G 

—1.05 

26 

4  .14 

15 

4  .16 

47 

.00 

:s 

10 

4  .  25 

10 

4  .08 

5 

—  .04 

25 

4  .  12 

5 

14 

4  .16 

20 

—  .56 

12 

4  .30 

46 

—  .11 

7 

24 

-f  .08 

5 

—  .02 

29 

4-  .06 

0 

4 

4  .20 

18 

—  .  17 

11 

4  .14 

33 

—  .02 

11 

13 

4  .02 

20 

4  .11 

16 

—  .05 

49 

4  .03 

13 

15 

+  -W 

8 

—  .  15 

10 

.00 

33 

4  .03 

15 

14 

4  .66 

18 

—  .43 

9 

—  .32 

41 

4  -34 

17 

G 

—  .  15 

11 

—  .04 

19 

.00 

36 

—  .01 

19 

7 

—  .42 

27 

—  .01 

7 

+  -11 

41 

—  .06 

21 

15 

—  .23 

17 

4-  .09 

23 

—  .  11 

55 

—  .08 

23 

13 

—  .31 

18 

+  .21 

10 

—  .06 

41 

—  .02 

A  correction  is  indicated,  such  as  might  be  due  to  an  error  in  the  adopted  temper¬ 
ature  coefficient  in  refraction.  Yery  little  correction  is  shown  in  the  summary.  I  have 
thought  it  safest  to  neglect  the  discussion  of  terms  in  a.  ( Vide  Eh  43). 

Kg  38. 

Each  r  was  given  equal  weight.  The  numbers  iu  column  r0"  result  from  a  redis 
cussiou  adopting  the  value  of  the  periodic  formula  deduced  below  for  terms  in  a. 

Residuals  in  order  of  declination. 


Mean  4 

7T ' 

r0 

Co 

rd1 

o 

+  87.5 

2 

// 

.05 

// 

—  .05 

n 

07 

“I-  75.  8 

2 

— 

.21 

—  .26 

-  , 

ii 

4  71.2, 

2 

— 

.75 

—  .32 

— 

54 

4  62.2 

2 

— 

.69 

—  .24 

— 

60 

-j-  55. 1 

2 

+ 

.44 

+ 

.10 

4  ■ 

40 

4  51. 1 

7 

+ 

.  65 

+ 

.24 

+  • 

84 

+  45.9 

3 

4 

1.03 

4 

.30 

4 

80 

4  39.8 

6 

.08 

4 

.22 

01 

4  28. 1 

4 

— 

.07 

~\~ 

.08 

-  , 

17 

4  21.3 

2 

— 

.01 

4 

.  13 

-  , 

01 

4  14.3 

7 

+ 

.39 

4 

.27 

+  • 

42 

4  8.2 

4 

+ 

.29 

+ 

.  46 

+ 

41 

4  4.0 

3 

4 

1. 10 

+ 

.59 

4  1. 

10 

—  1. 1 

1 

+ 

1. 10 

+ 

.77 

4  1. 

05 

—  9.1 

3 

4 

.99 

4  1.09 

• 

97 

—  14.2 

2 

+ 

1.36 

4  1.31 

4  1.62 

—  26. 1 

i 

+ 

2.8 

4  1.8 

4  3.16 

The  declination  curve  founded  on  r0  is  adopted. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  90° 

Declination  limits. 

—  30°  to  +900 

Mean  d 

7 1' 

rd 

Mean  6 

TZ1 

rd 

h. 

// 

li. 

// 

0.9 

0 

+  .27 

13.3 

2 

—  .45 

3.1 

4 

+  .75 

14.9 

7 

—  .44 

5.2 

5 

-i-  .50 

17. 1 

5 

+  .42 

7.  G 

1 

+  .20 

19.3 

8 

+  .  13 

9.7 

2 

—  .05 

20.9 

5 

+  .04 

11.5 

4 

—  .30 

23.3 

2 

+  .15 

The  correction  depending  on  a  is  quite  marked.  The  result  is  +  ".14  +  ".24  sin 
a  +  ".32  cos  a.  The  probable  errors  of  the  terms  in  a  are  each  ±  .07.  The  formula 
of  correction  is  adopted. 

With  m  =  8,  we  have: — 

E  =  ±  ".39. 


Gh  39. 


Residuals  in  order  of  declination. 


Mean  6 

'K1 

r0 

G 

o 

+  86.5 

79 

// 

+  .07 

// 

+  .01 

£  4 

+  76.7 

71 

“f-  .  05 

+  .04 

F, 

+  70.5 

67 

+  .10 

+  .08 

+  66.2 

62 

—  .10 

+  .09 

+  60.  9 

176 

+  .06 

+  .10 

+  56.8 

147 

+  .07 

+  .11 

+  50. 9 

138 

+  .20 

+  .12 

+  45.5 

136 

+  .02 

+  .12 

+  39.7 

98 

+  .07 

+  .13 

+  32.9 

54 

+  .  14 

+  27.4 

114 

+  .  19 

+  .16 

+  21.1 

134 

+  .15 

+  .19 

+  14.5 

130 

+  .26 

+  .24 

+  8.9 

135 

+  .29 

+  .29 

+  3.9 

85 

+  .37 

+  .35 

—  1.6 

90 

+  .40 

+  .43 

—  8.6 

97 

+  .53 

+  .56 

—  14. 1 

51 

+  A1 

+  .68 

—  18.7 

36 

+  .53 

+  .80 

—  22. 5 

44 

+1. 04 

+  .90 

—  28.1 

44 

+1.24 

+1.05 

With  in  —  4,  we  have: — 


±  "71. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +5° 

Declination  limits. 
+  40°  to— 30° 

Declination  limits. 
—  30°  to  +90° 

Mean  a 

7 r' 

rn' 

7T7 

? 

/ 

0 

7 r' 

/ 

0 

h. 

n 

// 

n 

1 

25 

—  . 

21 

96 

— 

.15 

212 

— 

.13 

3 

39 

—  , 

13 

57 

— 

.24 

95 

— 

.13 

5 

48 

—  . 

41 

107 

— 

.20 

174 

— 

.18 

7 

25 

+  • 

31 

89 

+ 

.11 

103 

+ 

.10 

9 

13 

30 

73 

.11 

127 

.11 

11 

33 

+  • 

01 

89 

+ 

.13 

207 

+ 

.13 

13 

48 

+  • 

17 

74 

+ 

.08 

152 

.09 

15 

45 

+  • 

11 

108 

+ 

.20 

202 

+ 

.12 

17 

25 

04 

72 

+ 

.09 

168 

.05 

19 

20 

+  . 

20 

119 

.  C7 

201 

"j* 

.05 

21 

45 

+  . 

27 

89 

— 

.21 

212 

.06 

23 

36 

13 

84 

— 

.  10 

144 

— 

.11 

A  tolerably  well-marked  correction  depending  on  a  is  indicated.  No  discussion  is 
undertaken,  however,  as  the  correction  would  in  any  case  be  very  small. 

Ce  40. 

The  weights  formed  in  the  manner  explained  in  Section  V.  evidently  increase  too 
rapidly  with  the  number  of  observations. 

Residuals  in  order  of  declination. 


Mean  <5 

7 r 

)'o 

Co 

+  is  therefore  formed 

in  this  manner : 

o 

// 

+  86.6 

75 

+  .02 

.00 

Weight  com- 

+  76.6 

55 

+  .12 

.00 

puted  ac- 

or' 

+  70.2 

33 

—  .11 

—  .07 

cording  to 

+  65.8 

34 

—  .08 

—  .16 

Section  V. 

+  61.2 

134 

—  .38 

—  .29 

+  56. 2 

65 

—  .37 

—  .40 

+  49.6 

57 

—  .54 

—  .55 

1  to  5 

1  to  5 

+  45.  3 

91 

—  .62 

—  .65 

6 

6 

+  39.  0 

74 

—  .75 

—  .77 

7 

6 

+  32.9 

24 

—  .83 

—  .85 

8  and  9 

7 

+  27.7 

85 

—  .83 

—  .89 

10  and  11 

8 

+  21.2 

113 

—  .78 

—  .82 

12  to  14 

9 

+  14.4 

118 

—  .57 

—  .58 

15  to  17 

10 

+  8.9 

116 

—  .37 

—  .47 

18  to  21 

11 

+  3.7 

56 

—  .51 

—  .54 

22  to  25 

12 

—  1.3 

57 

—  .78 

—  .64 

26  to  30 

13 

—  8.6 

70 

—  .65 

—  .70 

31  to  35 

14 

—  14.1 

25 

—  .93 

—  .68 

36  to  40 

15 

—  19.4 

11 

—  .35 

—  .56 

41  to  46 

16 

—  21.9 

8 

—  .43 

—  .50 

47  to  52 

17 

—  26.3 

7 

—  .07 

—  .4 

53  to  58 

18 

59  to  65 

19 

66  to  72 

20 

73  to  80 

21 

81  to  88 

22 

89  to  96 

23 

97  to  105 

24 

106,  or  more 

25 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
+  5°  to  +  40° 

Declination  limits. 
+  40°  to  —  30° 

Declination  limits. 
+  40°  to  4-  90° 

Declination  limits. 
—  30°  to  4-  90° 

Mean  a 

_/ 

rd 

7T' 

rd 

rd 

7Ty 

rd 

_/ 

rd 

h. 

// 

// 

n 

// 

U 

1 

6 

+  .45 

62 

—  .09 

68 

—  .04 

79 

4-  .06 

147 

+  .01 

3 

20 

+  .16 

13 

—  .  15 

33 

+  .04 

30 

—  .07 

63 

—  .01 

5 

16 

+  .23 

43 

+  .09 

59 

+  -13 

44 

—  .  11 

103 

4-  .03 

7 

54 

+  .26 

54 

+  .26 

54 

+  26 

9 

9 

+  .40 

44 

+  .34 

53 

-i-  .35 

32 

—  .28 

85 

4-  .u 

11 

13 

+  .39 

48 

+  .04 

61 

+  .12 

78 

—  .12 

139 

—  .02 

13 

20 

4-  .14 

24 

—  .03 

44 

4-  .05 

46 

+  .  19 

90 

+  .12 

15 

29 

+  .02 

63 

+  -14 

92 

4  .10 

46 

—  .02 

138 

4-  .06 

17 

10 

+  .06 

42 

—  .02 

52 

—  .01 

45 

—  .02 

97 

—  .01 

19 

14 

—  .06 

86 

—  .04 

100 

—  .04 

50 

—  .  11 

150 

—  .07 

21 

41 

—  .30 

32 

—  .  19 

73 

—  .25 

76 

+  .01 

149 

—  .  12 

23 

24 

—  .13 

30 

—  .28 

54 

—  .21 

32 

+  .25 

86 

—  .04 

A  correction  varying  with  the  right  ascension  is  well  marked  in  the  zone  +  40° 
to  —  30°  (and  is  supported  in  some  degree  by  Ce  34).  I  find  +  (".15  ±  .025)  sin  a  — 
(".15  ±  .025)  cos  a. 

With  m  =  8,  we  have : — 

E  —  ±  ".46,  Ce  48  gives  ±  ".62,  and  Ce  56  i  ".60.  I  have  adopted  E  —  ±  60. 


Ah  41  and  Ah  52. 

These  were  at  first  treated  as  separate  catalogues,  hut  the  experiment  proved  that 
there  exists  between  them  no  difference,  which  can  be  safely  predicated  from  the 
material.  Ooms’s  very  thorough  comparison  of  Robinson’s  Armagh  Catalogue  (Ast. 
Rack.  Bd.  59,  p.  248),  after  the  proper  correction,  has  been  relied  upon  to  a  great  extent 
in  drawing  the  curve. 
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Residuals  in  order  of  declination. 


Direct 

comparison. 

Throu 

gh  Ao  29. 

Mean  <5 

n1 

r0 

Co 

Moan  6 

Number  of 
stars. 

Difference 
uncorrectcd, 
applicable  to 
Armagh  dec¬ 
lination. 

Difference 

corroded. 

o 

// 

// 

o 

// 

// 

+  76.  2 

ii 

+  .21 

+  .20 

+  81.2 

4 

+  .52 

+  .88 

+  71.  2 

20 

+  .05 

+  .20 

+  77. 1 

6 

+  .23 

+  .  56 

+  66.4 

17 

—  .06 

+  .20 

+  72.4 

8 

+  .34 

+  .63 

+  61.0 

38 

+  .11 

+  -17 

+  66.7 

8 

—  .39 

-  .10 

+  56. 5 

32 

+  .08 

+  .05 

+  62.4 

11 

+  .38 

+  .56 

+  51. 4 

38 

+  .07 

—  .10 

+  57.5 

15 

—  .35 

—  .23 

+  45.  5 

46 

—  1. 13 

—  .71 

+  51.  6 

15 

—  .31 

—  .27  . 

+  40. 1 

49 

—  .40 

—  .81 

+  47.5 

15 

—  .09 

—  .75 

+  32.9 

20 

—  .66 

—  .  54 

+  42.9 

22 

—  .85 

—  1.02 

+  26.5 

24 

—  .20 

—  .30 

+  37.5 

32 

—  .18 

—  .49 

+  21.0 

25 

—  .16 

—  .27 

+  32.7 

17 

—  .10 

—  .52 

4-  15.1 

16 

—  .83 

—  .47 

+  27.4 

29 

+  .04 

—  .47 

+  9.3 

41 

—  .61 

—  .78 

+  22.3 

23 

+  .41 

—  .18 

+  3.7 

15 

—  .24 

—  1.08 

+  17.7 

31 

+  .30 

—  .36 

—  1.7 

22 

—  1. 14 

—  1.21 

+  12.4 

18 

+  .08 

—  .56 

—  8.2 

14 

—  .54 

—  1.15 

+  7.6 

22 

—  .45 

—  1.05 

+  3.0 

31 

—  .46 

—  1.07 

—  2.5 

17 

—  1.21 

—  1.98 

—  7.7 

14 

+  .38 

—  .58 

7 r' 

is  formed  with  —  =  2. 

—  13.1 

19 

—  .21 

—  1.24 

<5 

—  16.8 

24 

+  .58 

—  .47 

—  23. 6 

2 

—  2.05 

—  3.0 

With  m  =  6,  we  have: — 


E  =  ;fc  1"  1. 


Residuals  in  order  of  right  ascension. 


Mean  a 

7T7 

rd 

Mean  a 

7T J 

rd 

h. 

n 

h. 

n 

1 

48 

—  .03 

13 

27 

—  .16 

3 

19 

+  .05 

15 

40 

+  .05 

5 

33 

—  .34 

17 

35 

—  .37 

7 

20 

—  .02 

19 

35 

+  .18 

9 

34 

+  .64 

21 

48 

+  .01 

11 

59 

+  .03 

23 

38 

*4*  •  26 
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Kg  43. 

The  correction  in  order  of  declination  is  adopted  as  it  results  from  the  discussion 
in  Section  VI.  (Table  II.).  In  the  following  table,  each  value  of  r‘  is  supposed  to  have 
an  equal  degree  of  precision. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

Declination  limits. 

—  300  t0  420 

—  30°  to  +  42° 

Mean  a 

7T* 

rd 

Mean  a 

7T7 

rd 

h. 

// 

h. 

1/ 

0.7 

3 

—  .40 

13.3 

1 

—  .20 

2.9 

1 

—  .40 

15.0 

4 

—  .12 

5.4 

5 

+  .14 

17.0 

3 

+  .10 

7.G 

1 

—  .30 

19.4 

4 

+  .40 

9.7 

2 

—  .20 

20.9 

3 

+  .40 

11.7 

1 

—  .30 

22.9 

1 

+  .20 

The  division  into  two  zones,  which  was  made,  is  of  no  interest,  owing  to  the  small 
number  of  stars.  From  the  above  is  found  as  a  correction: — 

-  (".16  ±  "06)  sin  «  +  (".13  ±  ".07)  cos  a  ; 

and  this  is  adopted. 

Dr.  Auwers  found  ( Ast .  Each .,  Bd  65,  S.  230): — 

-  ".139  sin  («  —  25°  38')  _  ".239  (sin  2  a  +  65°  27'). 

The  term  depending  on  2  a  is  indeed  indicated,  but  I  have  preferred  to  neglect  it, 
since  the  number  of  residuals  is  small. 

With  m  =  4,  we  have: — 


E  =  ±  ".26. 
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Eh  43. 

Residuals  in  order  of  declination. 


Mean  <5 

7 T1 

r0 

C0 

o 

+  86.8 

156 

It 

+  .06 

// 

.00 

Tbe  weights  (tt')  are 

+  76.5 

85 

4-  .14 

.00 

constructed  according 

+  70.5 

24 

—  .44 

.00 

to  Section  V.,  which 

+  66.5 

7 

—  .20 

—  .01 

supposes : 

61.3 

33 

—  .08 

—  .04 

+  56.5 

54 

—  .14 

—  .07 

— =2. 
e, 

4-  50.0 

54 

4-  .07 

—  .08 

The  argument  for  form- 

+  45.5 

38 

—  .19 

—  .06 

ing  7r'  is  not  therefore 

+  39.4 

42 

4-  .03 

—  .03 

the  total  number  of  oh- 

4-  33.3 

18 

4-  .33 

4-  .02 

servations,  hut  the  sum 

+  27.4 

66 

4-  .14 

+  .09 

of  the  values  of  -id  in 

+  21.  3 

66 

—  .10 

+  -17 

each  year. 

+  14.2 

68 

4-  .18 

4-  .28 

4-  8.6 

66 

4-  .40 

4-  .35 

+  4.1 

42 

4-  .10 

+  .36 

—  1.4 

52 

4-  .40 

+  .31 

—  8.7 

65 

4-  .26 

4-  .16 

—  14. 1 

31 

—  .07 

4-  .04 

—  18.8 

21 

—  .50 

—  .06 

—  22.0 

17 

—  .38 

—  .  12 

—  27.0 

10 

+  -0 

—  .02 

Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  -f-  5° 

Declination  limits. 
4-  5°  to  4-  40° 

Dec!  i  nation  limits. 
4-  40°  to  —  30° 

Declination  limits. 
4-  40°  t0  _|_  goo 

Declination  limits. 
—  30°  to  4-  90° 

Mean  a 

7r' 

rd 

7T/ 

rd 

7T7 

? 

/ 

0 

7Z' 

r0 

rd 

rd 

h. 

if 

// 

// 

// 

// 

1 

15 

-  . 

54 

40 

-  , 

35 

55 

— 

.40 

75 

— 

11 

130 

-  . 

24 

3 

19 

-  . 

40 

6 

-  . 

10 

25 

— 

.54 

15 

— 

13 

40 

-  . 

39 

5 

30 

4-  • 

01 

24 

+  • 

12 

54 

+ 

.61 

21 

+ 

04 

75 

+  ■ 

05 

7 

6 

4-  • 

50 

40 

+ 

03 

46 

.09 

24 

00 

70 

+  • 

06 

9 

9 

+  • 

60 

37 

+  • 

09 

46 

.  19 

14 

4- 

23 

60 

+  • 

20 

11 

16 

39 

25 

+  • 

20 

41 

.03 

37 

4- 

05 

78 

+  • 

01 

13 

14 

-  . 

30 

17 

+ 

64 

31 

4- 

.22 

31 

+ 

06 

62 

+  • 

14 

15 

28 

-  . 

07 

36 

+ 

24 

64 

.10 

63 

+ 

30 

127 

+  . 

20 

17 

12 

-  . 

05 

27 

+ 

02 

39 

.01 

54 

+ 

22 

93 

4-  • 

13 

19 

21 

+  • 

14 

42 

07 

63 

.00 

43 

+ 

06 

106 

4-  • 

02 

21 

33 

-  . 

08 

20 

— 

15 

53 

— 

.  11 

57 

09 

no 

10 

23 

20 

+  • 

03 

18 

— 

22 

38 

— 

.09 

31 

— 

27 

69 

-  . 

17 

A  correction  depending  on  a  is  quite  well  marked  in  all  the  zones.  The  discussion 
gives : — 

-  (".05  ±  ".03)  sin  a  -  (".19  ±  ".03)  cos  a. 

Dr.  Auwers  found  ( Ast .  Nach.,  Bd  64,  S.  343)  —  ".002  sin  a  —  ".310  cos  «  for  the 
Edinburgh  declinations,  1835-1839,  assuming  Ao  29  and  Oh  1755  to  require  no  correc¬ 
tion.  This  corresponds  tolerably  well  with  Eh  37,  between  the  declination  limits  —  30° 


[117] 


REPORT  OF  THE  CHIEF  ASTRONOMER,  APPENDIX  H. 


523 


to  +  5°,  as  exhibited  above.  Later  (Ait.  Fach.,  Bd  G5,  p.  227),  Dr.  Auwers  finds  that 
two-thirds  of  the  correction  best  corresponds  with  residuals  derived  from  his  discussion 
of  fundamental  stars.  This  accords  almost  perfectly  with  the  formula  given  above  for 
Eh  43.  But  Dr.  Auwers  supposes  this  formula  not  to  be  applicable  to  the  later  obser¬ 
vations  of  Henderson. 

With  m  =  8,  we  have: — 

F  =  ±  ".67. 

rt  ".06  results  from  the  discussion  in  Section  Y.  The  former  is  adopted. 

Gh  45. 

j Residuals  in  order  of  declination. 


Mean  6  . 

7T 

r0 

Co 

0 

// 

U 

+  86.8 

75 

—  .17 

.00 

+  76.7 

54 

+  .10 

+  .01 

£ 

+  70.2 

37 

—  .16 

+  .04 

—  = =4 

+  66.2 

49 

+  .07 

+  .05 

+  60.9 

150 

+  .11 

+  .08 

-j-  56. 7 

116 

+  .21 

+  .07 

+  50.6 

122 

—  .15 

+  .01 

+  45.3 

94 

—  .01 

—  .04 

+  39.9 

107 

—  .11 

—  .02 

+  32.8 

25 

-f  .27 

+  .08 

+  27.  5 

111 

+  .28 

+  .14 

+  21.  3 

118 

-f  .14 

+  .14 

+  14.5 

120 

4-  .12 

+  .09 

+  8.9 

162 

—  .04 

+  .05 

+  4.0 

83 

+  .28 

+  .06 

—  1.5 

83 

+  .14 

+  .09 

—  8.6 

87 

+  .19 

+  .14 

—  14.0 

47 

+  .18 

+  .17 

-  18.7 

35 

4-  .08 

+  .21 

—  22.  4 

31 

-f  .24 

+  .24 

—  28. 1 

39 

+  .28 

+  .28 

—  34. 1 

10 

+1.98 

From  the  equator  to  the  pole  it  is  a  matter  of  indifference  whether  any  correction 

T>  _  T) 

be  applied  or  not.  The  correction  — — —  at  Greenwich  was  neglected  as  insensible 

Jj 

during  this  period. 

With  m  =  5,  we  have: — 


F=Az  ".65. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  :.!0°  to  +  90° 

Declination  limits. 

—  30°  to  +  90° 

Mean  a 

7 T1 

r0' 

Mean  a 

n' 

rd 

h. 

U 

h. 

// 

1 

179 

+  .06 

13 

130 

+  .03 

3 

87 

+  .01 

15 

185 

+  .12 

5 

146 

+  .05 

17 

152 

—  .03 

7 

101 

+  .02 

19 

200 

—  .10 

9 

116 

+  .12 

21 

181 

—  .12 

11 

164 

+  .12 

23 

120 

—  .13 

A  slight  correction  following  the  right  asceusion  is  indicated.  It  differs,  however, 
quite  sensibly  from  that  shown  in  Gh  39,  and  I  have,  therefore,  undertaken  no  discussion. 


Pa  45. 


In  forming 
more,  weight  3. 


tz7,  one  observation  is  given  weight  1;  two  to  five,  weight  2;  six  or 
Residuals  in  order  of  declination. 


Mean  6 

7r' 

ro 

For 

m. 

C 

0 

o 

// 

U 

// 

+ 

86.6 

13 

— 

.02 

+ 

03 

00 

+ 

76.0 

12 

+ 

.04 

+ 

07 

00 

4- 

70.9 

21 

.00 

+ 

10 

+ 

05 

4- 

66.0 

12 

+ 

.  18 

+ 

13 

+ 

11 

+ 

60.7 

41 

+ 

.18 

+ 

16 

+ 

17 

+ 

56.8 

29 

+ 

.21 

+ 

19 

+ 

21 

+ 

50.8 

39 

+ 

.27 

+ 

23 

+ 

25 

+ 

45.6 

31 

+ 

.24 

+ 

26 

+ 

29 

+ 

39.9 

44 

+ 

.36 

+ 

29 

+ 

33 

+ 

33.0 

21 

+ 

.40 

+ 

32 

4“ 

36 

+ 

26.9 

28 

+ 

.29 

+ 

36 

+ 

38 

+ 

21.0 

35 

+ 

.34 

+ 

39 

+ 

39 

+ 

14.5 

38 

+ 

.45 

41 

+ . 

42 

+ 

9.1 

46 

+ 

.42 

+ 

43 

+ 

44  ■ 

4- 

4.3 

19 

+ 

.59 

+ 

46 

+ . 

47 

— 

1.9 

22 

+ 

.60 

+ 

47 

+ . 

51 

— 

8.4 

17 

+ 

.54 

+ 

49 

+ . 

57 

— 

14. 1 

10 

4- 

.59 

50 

+ . 

66 

— 

19.4 

3 

+ 

.38 

4~  • 

82 

— 

23.  9 

3 

L+i 

.04] 

r+i. 

0  1 

26.  1 

3 

[+1.7  ] 

L+i. 

3  ] 

Column  “Form”  is  derived  from  the  expression  (Section  VI.) 


+  ".34  (sin  Z  +  .503) 

Had  the  constant  +-  ".34  been  increased  to  +-  ".37,  the  accord  with  C0  would  have 
been  almost  perfect  down  to  — 8°.4.  The  curve  from  which  C0  is  taken  was  drawn 
without  the  slightest  reference  to  the  previous  correction. 
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The  value  of  i?,  taken  from  the  outstanding  residuals,  is  of  no  interest,  since,  on 
account  of  the  great  weight  given  to  Pa  45  in  the  discussion  of  standard  places,  it 
would  be  entirely  too  small.  In  the  introduction  to  the  fourth  volume  of  Poulkova 
observations,  we  have  a  thoroughly  reliable  discussion  of  the  probable  error  of  the 
declinations,-  The  final  weights  were  founded  on  these  probable  errors,  which  increase 
rapidly  with  the  zenith  distance. 

From  the  final  residuals  (ry)  of  37  fundamental  and  circumpolar  stars  (excluding 
a  and  3  TTrsse  Minoris),  I  derive  =1=  ".273  as  the  probable  error  of  the  unit  of  adopted 
weights.  Supposing  the  average  weight  of  a  Poulkova  declination  4,  and  of  the  Anal 
A  3  for  1845,  80,  we  should  have  approximately  ±  ".29  as  the  probable  error  of  the  unit 
corresponding  to  a  probable  error  of  ±  ".30,  as  given  in  the  introduction  of  volume  iv. 
A  like  discussion  of  the  residuals  (r,)  of  59  other  stars,  for  which  the  weight  of  a  posi¬ 
tion  for  1845  is  40,  or  greater  (averaging  about  50),  gives  ±  ".285,  or  about  ±  ".305  for 
the  corrected  probable  error,  which  should  correspond  to  the  -L  ".30  assumed.  It  may 
therefore  be  assumed  that  the  weights  for  Pa  45,  constructed  in  the  manner  explained 
above,  are  entirely  reliable,  and  correspond  well  with  the  general  system  adopted  in 
the  definitive  discussion  of  A  S  and  A 

Residuals  in  order  of  right  ascension. 


Declination 

limits. 

Declination  limits. 

—  20°  to  +  90° 

—  20°  to  +  90° 

Mean  a 

tt' 

>•</ 

Mean  a 

7Z1 

I'o 

h. 

// 

h. 

i 

// 

1 

56 

+  -11 

13 

30 

4-  .03 

3 

20 

—  .  11 

15 

51 

—  .04 

5 

37 

+  .01 

17 

50 

.00 

7 

33 

—  .06 

19 

50 

+  .10 

9 

33 

—  .06 

21 

45 

—  .09 

11 

47 

—  .02 

23 

31 

+  .05 
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Re  45. 

Residuals  in  order  of  declination. 


Mean  <5 

n1 

r0 

Co 

o 

4-  86.fi 

[27] 

// 

[+  -18] 

// 

[+  -17] 

+  76.3 

22 

4-  .53 

4-  .  62 

+  70.8 

28 

.  72 

+  .61 

£  o 

+  66.4 

21 

+  .23 

4-  •  47 

e, 

+  60.8 

45 

+  .05 

4-  .30 

+  56.8 

36 

4-  .30 

4-  .  16 

+  50.8 

45 

4-  .02 

—  .04 

4-  45.  6 

38 

—  .06 

—  .18 

+  40.0 

42 

—  .47 

—  .34 

+  33.4 

10 

—  .31 

—  .51 

+  27.4 

27 

-  .44 

—  .58 

4-  21. 1 

33 

—  .68 

—  .59 

+  14.3 

32 

—  .22 

—  .41 

4-  8.8 

53 

—  .22 

—  .14 

+  3.9 

25 

—  .02 

+  .08 

—  1.4 

26 

+  .63 

+  .31 

—  8.6 

27 

+  .29 

+  .49 

—  14.0 

10 

+  .95 

+  .48 

—  19.0 

3 

+  .18 

+  .36 

—  22.  3 

9 

+  .36 

4-  .25 

—  28.1 

13 

—  .31 

4-  .06 

There  is  some  doubt  about  the  correction  from  +  75°  to  -f  90°.  For  stars  observed 
both  above  aud  below  the  pole,  it  is  probably  quite  small. 

With  m  =  5,  we  have: — 

E  =  ±  ".73 


I  adopt  ±  ".77,  the  mean  between  this  determination  and  that  for  Re  58. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  4-  6° 

Declination  limits. 
4-  40°  to  —  30° 

Declination  limits. 
4-  40°  to  4-  90° 

Declination  limits. 
—  30°  to  4-  90° 

Mean  a 

7 r' 

r0 

7 r' 

9 

/ 

0 

7r' 

la 

7 r; 

7 

/ 

0 

h. 

// 

// 

// 

// 

1 

3 

+  ■ 

10 

29 

4 

.31 

37 

4- 

.05 

66 

4- 

.  16 

3 

7 

-  . 

44 

17 

.03 

8 

+ 

.22 

25 

4- 

.06 

5 

9 

-  . 

10 

26 

4- 

.  11 

20 

.  12 

46 

“j“ 

.01 

7 

6 

-  . 

47 

26 

4- 

.06 

5 

— 

.  17 

31 

.03 

9 

4 

— 1. 

70 

30 

.42 

16 

— 

.34 

46 

.39 

11 

10 

4-  • 

16 

22 

— 

.05 

30 

— 

.  22 

52 

— 

.  15 

13 

13 

4-  • 

33 

17 

4- 

.45 

21 

.40 

38 

4- 

.42 

15 

9 

4-  • 

66 

26 

.06 

24 

.33 

50 

.  19 

17 

6 

+  • 

03 

16 

4- 

.09 

34 

— 

.11 

50 

— 

.05 

19 

7 

— 

53 

26 

4- 

.  11 

26 

4- 

.20 

52 

.  15 

21 

12 

4-  • 

60 

22 

4- 

.07 

32 

4- 

.  14 

54 

4- 

.  11 

23 

14 

21 

28 

.  19 

19 

.04 

47 

.  13 

The  previous  discussion  (Section  VI.)  is  substantially  confirmed. 
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Wn  47. 

The  weights  are  adopted  as  they  result  from  the  combination  of  separate  years  in 
the  manner  explained  in  Section  V.  This  supposes  -  =  3. 


Residuals  in  order  of  declination. 


Mean  J 

t r' 

r0 

<4 

o 

n 

// 

+  86.9 

72 

4-  .10 

+  .  13 

+  76.6 

51 

4-  .46 

4-  .14 

+  69.9 

19 

4-  .24 

+  .  10 

-f  62.  3 

35 

4-  .07 

4-  .02 

4-  56.3 

31 

—  .  14 

—  .05 

4-  50.6 

73 

—  .16 

—  .05 

4-  45.1 

31 

—  .23 

—  .05 

+  38.5 

58 

—  .05 

—  .05 

+  33.2 

20 

4-  .66 

—  .06 

+  27.8 

89 

—  .01 

—  .11 

+  21.6 

83 

—  .24 

—  .19 

4-  14.2 

122 

—  .35 

—  .28 

+  8.6 

111 

—  .35 

—  .34 

+  3.9 

74 

—  .37 

—  .35 

—  1.6 

49 

—  .51 

—  .33 

—  8.5 

63 

—  .16 

—  .28 

—  14. 1 

54 

—  .30 

—  .24 

—  19. 1 

22 

+  .06 

—  .19 

-  22.  3 

36 

—  .35 

—  .  15 

—  28.5 

49 

—  .05 

—  .05 

Residuals  in  order  of  right  ascension. 


Declination 

limits. 

Declination  1 

mits. 

Declination  li 

mits. 

Declination  li 

nits. 

-30°  to  -f  5° 

4-  40°  to  — 

30° 

-f  40°  to  4 

90° 

—  30°  to  +  90° 

Mean  a 

7T* 

rd 

_/ 

>'o' 

7H 

l 

/ 

0 

T 

rd 

h. 

n 

// 

// 

// 

1 

10 

+  • 

02 

56 

+ 

.  19 

43 

— 

.  10 

99 

+ 

06 

3 

49 

+  • 

01 

56 

.08 

18 

— 

.70 

74 

— 

23 

5 

24 

33 

70 

— 

.56 

12 

— 

.40 

82 

— 

53 

7 

25 

—  . 

13 

58 

— 

.20 

10 

+ 

.10 

68 

— 

16 

9 

10 

—  . 

50 

46 

— 

.20 

11 

+ 

.21 

57 

— 

12 

11 

11 

—  . 

60 

37 

— 

.34 

29 

4- 

.02 

66 

— 

18 

13 

18 

—  . 

02 

37 

— 

.  10 

14 

+ 

.50 

51 

4- 

06 

15 

43 

4-  • 

34 

102 

+ 

.30 

28 

+ 

.65 

130 

4" 

37 

17 

31 

4~  • 

15 

58 

+ 

.25 

35 

4~ 

.  16 

93 

+ 

21 

19 

30 

4-  . 

15 

149 

4" 

.25 

13 

.00 

162 

+ 

23 

21 

44 

01 

95 

4~ 

.06 

66 

— 

.04 

161 

+ 

02 

23 

27 

-  . 

04 

60 

.08 

23 

.10 

83 

08 

From  discussion  of  the  values  of  r0'  in  the  final  grouping  (—30°  to  +90°),  I 
derive: — 

—  ".27  sin  a  —  ".OS  COS  a. 

Examination  of  Wn  56  and  Wn  64  shows  that  they  are  in  need  of  a  similar  cor¬ 
rection  $  and  the  separation  into  zones  renders  it  highly  probable  that  this  correction 
is  almost  equally  applicable  to  all  limits  of  declination. 
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For  Wn  56,  we  have: — 
and  for  Wn  64, 


—  ".16  sin  a  —  ".19  cos  a; 

—  ".22  sin  a  —  ".12  cos  a. 


The  same  form  of  correction  is  indicated  in  Wn  70. 

It  is  undoubtedly  real  and  sensibly  constant  for  the  Washington  mural  circle 
throughout  the  period  of  its  use.  From  tbe  combined  residuals  (—  30°  to  +  90°)  of 
Wn  47,  56,  and  64,  we  have: — 

—  (".21  ±  ".03)  sin  a  —  ("12  ±  ".03)  cos  a 

as  the  correction ;  and  it  is  adopted. 

It  reduces  the  sums  of  squares  as  follows: — 


Year. 

Before. 

After. 

1847 

144 

101 

1856 

258 

236 

1864 

179 

165 

From  the  final  residuals  for  1847,  with  m  =  7,  we  have: — 

E  =  ±  ".74. 


Ce  48. 

The  weights  are  derived  in  the  manner  explained  under  Ce  40. 

Residuals  in  order  of  declination. 


Mean  6 

7r' 

r0 

Co 

o 

// 

// 

+  87.9 

35 

+  .28 

.00 

+  76.9 

15 

—  .  15 

.00 

+  70.2 

19 

—  .01 

.00 

+  65.6 

20 

+  .03 

—  .09 

+  61.0 

62 

—  .21 

—  .23 

-f-  56.6 

36 

—  .44 

—  .37 

+  49.5 

49 

—  .  51 

—  .58 

+  45.4 

64 

—  .58 

—  .68 

4-  39.0 

35 

—1. 19 

—  .82 

+  32.6 

16 

—  .71 

—  .86 

+  27.8 

58 

—  .78 

—  .75 

+  21.3 

60 

—  .42 

—  .41 

+  14.5 

82 

—  .02 

—  .09 

-f-  9.1 

68 

—  .02 

—  .05 

+  4.2 

29 

—  .22 

—  .05 

—  1.0 

27 

—  .02 

—  .08 

—  8.6 

38 

—  .15 

—  .12 

—  14.1 

15 

+  .  13 

—  .12 

—  18.5 

9 

+  .20 

—  .09 

—  21.  5 

6 

—  .9 

—  .09 

—  26.2 

3 

—  .8 

—  .03 

With  m  =  5,  we  have: — 

E  =  ±  ".62 

±  .60  is  adopted,  as  explained  under  Ce  40. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

Declination  limits. 

30°  to  +  90° 

30c  to  +90° 

Mean  a 

7 v' 

rd 

Mean  a 

7T1 

rd 

h. 

// 

ft. 

// 

1 

84 

+  .07 

13 

52 

+  .10 

3 

29 

—  .  19 

15 

50 

—  .08 

5 

74 

+  .06 

17 

47 

—  .09 

7 

47 

—  .03 

19 

119 

—  .09 

9 

53 

—  .04 

21 

79 

—  .02 

11 

73 

+  .01 

23 

35 

+  .21 

Gb  51. 

Residuals  in  order  of  declination. 


Mean  <5 

7r' 

n> 

Co 

o 

// 

// 

+  86. 6 

77 

—  .16 

—  .13 

e 

+  76.4 

55 

—  .07 

—  .14 

E, 

-f  70.6 

56 

—  .25 

—  .15 

+  66.4 

23 

—  .22 

—  .16 

+  61. 1 

95 

—  .14 

—  .17 

+  56.7 

78 

—  .  17 

—  .19 

+  50.9 

102 

—  .15 

—  .21 

+  45.6 

62 

—  .26 

—  .20 

+  39.4 

98 

—  .17 

—  .15 

+  32.  5 

82 

+  .05 

—  .03 

-j-  2/ .  3 

147 

—  .04 

+  .06 

+  21. 2 

147 

+  .15 

+  .16 

+  14.5 

165 

+  .28 

+  .  18 

-f  9.0 

218 

+  .23 

-j-  •  lt> 

+  4.1 

102 

.00 

4-  .10 

—  1.7 

129 

—  .01 

+  .03 

—  8.5 

110 

—  .07 

.00 

—  14.1 

52 

+  .01 

+  .03 

—  18.8 

36 

+  .17 

+  -11 

—  22.4 

48 

+  .31 

-f  .16 

—  28.2 

43 

—  .03 

4-  .22 

With  m  =  5,  we  have: — 

E  =  A  "70. 

There  is  a  trace  of  the  same  peculiarity  in  the  values  of  r0'\  as  has  appeared  with 
Gb  45.  In  any  case,  the  required  correction  is  so  small  that  its  neglect  is  of  little 
consequence  to  the  final  result. 

34 


N  B 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
—  30°  to  +90° 

Mean  a 

7 T1 

rd 

7 T1 

rd 

h. 

/ 

II 

1 

27 

-  . 

04 

214 

-  . 

15 

3 

38 

-  . 

14 

94 

+  • 

04 

5 

47 

+  • 

01 

157 

+  • 

06 

7 

25 

15 

131 

11 

9 

14 

-  . 

20 

129 

4-  . 

01 

11 

39 

4  • 

06 

177 

4  • 

14 

13 

60 

+  • 

10 

126 

4  • 

13 

15 

54 

4  . 

01 

195 

4  • 

03 

17 

27 

-  . 

20 

169 

06 

19 

52 

+  • 

05 

183 

4  • 

03 

21 

40 

31 

174 

02 

23 

54 

-  . 

06 

139 

-  . 

01 

So  51. 


Residuals  in  order  of  declination. 


Mean  d 

TV1 

To 

?0 

-o 

+  45.8 

4 

4 

II 

1.06 

II 

+  38.6 

13 

.03 

+ 

.44 

e  2 

+  33.2 

4 

— 

.04 

+ 

.  58 

e. 

4-  27.5 

33 

+ 

.77 

+ 

.74 

+  21.  3 

40 

"t" 

.88 

+ 

.87 

4  14.5 

46 

4 

.92 

+ 

.99 

+  8.7 

42 

+ 

1.23 

4- 

1.05 

4  3.7 

26 

+ 

1.01 

+ 

1.09 

—  2.2 

14 

"I" 

1. 09 

+ 

1. 12 

—  8.5 

28 

+ 

1.22 

+ 

1.12 

—  14.  1 

15 

"I" 

1. 16 

+ 

1. 10 

—  18.9 

12 

.81 

+ 

1.06 

—  22.5 

16 

+ 

.95 

+ 

1.08 

—  28.2 

17 

4- 

.90 

+ 

1.00 

-  34.2 

1 

+ 

.25 

.96 

—  41.9 

2 

+  1.24 

+ 

.91 

—  52. 6 

1 

+ 

.94 

+ 

.79 

—  59.6 

6 

+ 

.82 

+ 

.62 

—  75.1 

_ -2. _ 

3 

+ 

.28 

+ 

.28 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  -f  40° 

1 

Declination  limits. 

—  30°  to  +  40° 

Mean  a 

7t' 

rd 

Mean  a 

TV1 

rd 

h. 

// 

h. 

It 

0.9 

24 

—  .37 

13.1 

21 

—  .  16 

3.1 

22 

+  .15 

14.9 

30 

—  .07 

5. 1 

29 

+  .49 

16.7 

19 

—  .  31 

7. 1 

32 

+  .07 

19.0 

40 

—  .16 

9.3 

27 

+  .  10 

21.2 

22 

—  .  19 

11.3 

22 

4-  .53 

22.9 

18 

—  .66 

There  is  an  evident  progression  of  r0'  with  a.  The  discussion  gives,  as  the  correc¬ 
tion  to  be  applied : — 

+  ("24  ±  ".07)  sin  a  -  (".185  ±  ".075)  cos  a. 

There  is  some  reason  to  expect  such  a  correction  for  this  series,  and  it  is  adopted. 
With  in  =  6,  we  have: — 

±  ".86. 


Ps  53. 

Residuals  in  order  of  declination. 


Mean  6 

tt' 

To 

Co 

o 

+  86.3 

37 

II 

—  .10 

// 

4-  .06 

e  3 

-P  76.7 

23 

4-  .18 

4-  .19 

+  70.6 

31 

4-  .38 

4-  .25 

+  66.0 

18 

+  .20 

+  .28 

+  61.9 

29 

4-  .40 

4-  .29 

+  56.5 

40 

+  .29 

4-  .28 

+  50.6 

33 

-(-  .  05 

4-  .23 

+  46.0 

16 

+  .48 

+  .19 

-p  39.5 

26 

+  .17 

4-  -12 

+  33.2 

13 

—  .03 

4-  .05 

+  27.7 

30 

—  .08 

—  .03 

+  21.5 

38 

—  .15 

—  .10 

4-  14.4 

38 

—  .01 

—  .19 

+  8.7 

49 

—  .31 

—  .28 

4-3.9 

33 

—  .44 

—  .34 

—  1.2 

28 

—  .15 

—  .37 

—  9.0 

19 

—  .47 

—  .31 

—  14.1 

19 

—  .16 

—  .21 

—  18.7 

13 

—  .21 

—  .06 

—  22.3 

10 

4-  .12 

4-  .12 

—  28.6 

1 

13 

4-  .92 

With  in  =  5,  we  have: — 


E=±  "57. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
+  40°  to  — 30° 

Declination  limits. 
—  30°  to +  90° 

Mean  a 

7 t' 

n/ 

7Tf 

r0' 

_/ 

71 

v0' 

h. 

// 

U 

// 

1 

9 

-  . 

08 

39 

— 

.02 

59 

— 

05 

3 

16 

+  • 

35 

24 

+ 

.10 

41 

+  • 

18 

5 

17 

02 

31 

+ 

.26 

42 

+  * 

02 

7 

6 

+  • 

20 

25 

+ 

.  17 

31 

+ 

15 

9 

3 

+  • 

60 

18 

.09 

27 

02 

11 

8 

45 

22 

— 

.26 

56 

-  . 

11 

13 

13 

+  • 

13 

20 

+ 

.10 

44 

-  . 

11 

15 

16 

22 

27 

.14 

55 

-  , 

11 

17 

8 

+  • 

05 

20 

— 

.44 

50 

-  . 

18 

19 

9 

00 

36 

— 

.21 

48 

+  . 

12 

21 

10 

—  . 

10 

35 

.01 

61 

+  . 

15 

23 

15 

+  • 

10 

5 

+ 

.60 

24 

+  • 

35 

So  55. 

Residuals  in  order  of  declination. 


Mean  6 

7 T1 

r0 

Co 

o 

h 

// 

+  45.8 

1 

—  .56 

6  n 

+  38.3 

2 

+1.19 

+  .50 

—  =  2. 

+  24.5 

4 

+  .67 

+  .48 

+  20.9 

13 

+  .51 

+  .45 

+  14.2 

27 

+  .30 

+  .29 

+  8.3 

29 

—  .03 

+  .18 

+  3.8 

15 

+  .46 

+  .18 

—  1.9 

12 

+  .45 

+  .32 

—  8.7 

20 

+  .35 

+  .39 

—  14.0 

12 

+  .55 

+  -17 

—  19.0 

7 

—  .07 

—  .03 

—  22.2 

11 

—  .58 

—  .10 

—  28. 6 

12 

—  .31 

—  .05 

—  42.  8 

+  .34 

+  .27 

—  51.8 

1 

+  .42 

+  .24 

—  59.3 

3 

+  .  19 

+  .12 

—  78.3 

2 

—  .49 

.00 

With  m  =  G,  we  have: — 


R=±  "91. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  40° 

Declination  limits! 

—  30°  to  -r  40° 

Mean  <5 

7 t' 

r0‘ 

Mean  <5 

7 r' 

ro 

ft. 

// 

h. 

n 

1. 1 

7 

+  .04 

12.9 

12 

—  .41 

2.5 

13 

—  .17 

15.2 

16 

+  .61 

5.0 

14 

—  .09 

16.7 

16 

—  .  15 

7.0 

8 

—  .38 

19.2 

25 

+  .02 

9.4 

13 

—  .39 

21.2 

13 

+  .40 

11.3 

19 

—  .1(5 

22.7 

8 

+  .21 

If  there  is  a  real  variation  of  the  correction,  proceeding  with  the  right  ascension, 
it  is  apparently  of  au  entirely  different  nature  from  that  adopted  for  So  51.  The 
weights  are  small,  and  the  observations  are  assumed  to  be  practically  Iree  from  any 
error  of  this  kind. 

Wn  56. 

Residuals  in  order  of  declination. 


Mean  <5 

7 r' 

ro 

Co 

O 

+  86. 1 

63 

U 

—  .18 

// 

—  .07 

e  4 

+  76.7 

20 

—  .05 

+  .10 

+  70.2 

6 

+  .55 

+  •  17 

+  66.3 

4 

+  .  30 

+  .18 

+  62.1 

27 

+  .50 

+  .17 

-f  56. 1 

15 

+  .24 

+  -14 

+  50.3 

51 

—  .  16 

+  .10 

+  45.3 

30 

—  .  10 

+  .05 

+  38.9 

64 

+  .08 

—  .01 

+  32.6 

15 

+  •  37 

—  .06 

+  27.6 

80 

—  .05 

—  .11 

+  21. 5 

79 

—  .23 

—  .17 

+  14.5 

75 

—  .  16 

—  .24 

-I-  8.7 

86 

—  .  16 

—  .26 

+  4.2 

62 

—  .69 

—  .27 

—  1.5 

57 

—  .26 

—  .25 

—  8.5 

58 

—  .13 

—  .  19 

—  14.0 

34 

—  .08 

—  .11 

—  18.9 

20 

—  .28 

—  .04 

—  22.2 

20 

+  .09 

+  .02 

— .  28. 5 

31 

+  .19 

+  .13 

The  probable  error,  E,  is  derived  from  the  outstanding  residuals  corrected  further 
for  the  effect  of  terms  in  a  given  under  Wn  47. 

With  m  ==  G,  we  have: — 


E  =  ±  ".88. 

With  a  smaller  value  of  7,  we  should  have  a  smaller  and  probably  more  accurate 
value  of  E. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
+  40°  to  —  30° 

Declination  limits. 
4-  40°  to  +  90° 

Declination  limits. 
—  30°  to  +  90° 

Mean  a 

ir' 

rd 

7 T1 

rd 

n1 

rd 

'K1 

rd 

h. 

II 

II 

II 

// 

1 

19 

-  , 

35 

61 

— 

.07 

22 

— 

10 

83 

— 

08 

3 

27 

-  . 

77 

42 

— 

.75 

10 

— 1 

00 

52 

— 

80 

5 

18 

— 

64 

48 

— 

.41 

12 

— 

45 

60 

— 

41 

7 

12 

-  . 

22 

49 

— 

.01 

14 

— 

10 

63 

— 

04 

9 

3 

-  . 

30 

24 

+ 

.25 

10 

4- 

13 

34 

+ 

21 

11 

16 

+  • 

19 

40 

+ 

.  17 

25 

+ 

46 

65 

+ 

28 

13 

30 

02 

47 

.00 

12 

+ 

08 

59 

02 

15 

26 

+  . 

48 

72 

4- 

.34 

21 

23 

93 

+ 

21 

17 

17 

+  • 

£7 

53 

+ 

.28 

28 

+ 

05 

81 

20 

19 

18 

25 

81 

.04 

21 

19 

102 

07 

21 

32 

+  • 

22 

76 

4 

.07 

38 

— 

05 

114 

+ 

03 

23 

43 

+  * 

18 

70 

+ 

.12 

11 

— 

06 

81 

+ 

11 

For  further  explanation  see  Wn  47. 


Ps  56. 


Residuals  in  order  of  declination. 


Mean  <5 

7r' 

r0 

Co 

o 

+  86.6 

26 

II 

—  .35 

•  1 

—  .32 

-  -  2 

+  76.6 

15 

—  .31 

—  .22 

4-  70.8 

15 

—  .04 

—  .16 

4-  66.2 

10 

4-  .06 

—  .13 

+  61.0 

30 

—  .22 

—  .10 

+  56.7 

32 

—  .  17 

—  .09 

+  50.4 

25 

+  .05 

—  .11 

+  45.2 

30 

—  .  05 

—  .15 

4-  39.4 

25 

—  .47 

—  .21 

4-  33.0 

26 

-  .52 

—  .26 

4-  27.6 

37 

—  .  17 

—  .30 

+  21. 1 

48 

—  .26 

—  .35 

+  14.5 

53 

—  .37 

—  .36 

+  8.9 

70 

—  .38 

—  .36 

+  4.0 

32 

—  .32 

—  .35 

—  1.7 

47 

—  .31 

—  .33 

—  8.5 

43 

—  .29 

—  .23 

—  14. 1 

15 

—  .07 

—  .08 

—  18.8 

12 

+  .11 

+  .  12 

—  21.9 

13 

4-  .20 

4-  .  12 

—  28.1 

17 

+  .42 

4-  .50 

After  the  further  correction  depending  on  a  (to  be  explained),  the  outstanding 
residuals,  with  m  =  7,  give: — 


E=  "40. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  0° 

Declination  limits. 
+  40°  to  —  30° 

Declination  limits. 

4  40°  to  +  90° 

Declination  limits. 
—  30°  to  4  90° 

Mean  a 

7T1 

r0' 

V 

7 T1 

»•<>' 

7T7 

r0‘ 

h. 

// 

tl 

// 

// 

1 

8 

-  . 

15 

21 

+ 

.05 

25 

4  • 

23 

40 

+  • 

15 

3 

11 

+  • 

15 

23 

+ 

.13 

13 

+  • 

01 

30 

+  . 

08 

5 

15 

+  • 

07 

37 

+ 

.09 

13 

H-  • 

12 

50 

+  • 

10 

7 

4 

+  • 

70 

32 

+ 

.17 

4 

4 

10 

30 

+  • 

10 

9 

4 

+  • 

30 

24 

+ 

.25 

4 

+  • 

30 

28 

4"  * 

25 

11 

10 

+  • 

55 

.  33 

+ 

.  11 

27 

+  • 

09 

00 

+  • 

10 

13 

22 

+  • 

21 

30 

.15 

22 

11 

52 

4”  • 

04 

15 

19 

+  • 

04 

40 

.05 

23 

-  . 

01 

03 

03 

17 

10 

35 

33 

— 

.25 

19 

— 

13 

52 

-  . 

21 

19 

20 

-  . 

28 

50 

— 

.31 

14 

-  . 

01 

04 

-  . 

25 

21 

19 

+  . 

01 

44 

— 

.17 

20 

-  . 

03 

04 

-  . 

13 

23 

25 

30 

38 

— 

.24 

11 

— 

23 

49 

— 

23 

The  dependence  of  r0'  on  right  ascension  is  undoubted. 

From  the  column  —  30°  to  +  90°,  I  derive: — 

+  ".19  sin  a  —  ".07  cos  a. 

From  the  tables  exhibited  successi  vely  under  Ps  60,  Ps  64,  and  Ps  66,  I  find : — 


Year. 

Formula  of  correction. 

1800 

1804 

1800 

// 

-P  .  18  sin  a  —  .04  cos  a 
-j-  .  17  sin  a  —  .00  cos  a 

4 . 19  sin  a  —  .10  cos  a 

From  the  proper  combination  of  the  four  sets,  we  have : — 

+  (".20  ±  "01)  sin  «  -  (".05  ±  ".01)  cos  a. 

This  is  adopted  as  the  definitive  correction  for  each  of  the  four  catalogues,  since 
there  appears  to  be  no  marked  increase  with  the  time. 

This  correction  might  be  approximately  computed  in  the  following  manner: — 

If  in  the  definitive  formula  of  correction*  for  the  declinations  of  the  Fundamenta 
south  of  +  51°.5  we  substitute  30°  for  S,  we  shall  have  for  that  part  of  the  correction 
depending  on  a: — 

—  ".82  sin  a  +  ".07  cos  a. 

If,  further,  we  suppose  that  the  mean  declination  of  the  stars  of  the  Paris  standard 
catalogue,  chiefly  used  for  obtaining  zenith  points,  is  about  +36°,  that  the  catalogues 
making  up  the  Paris  standard  are  free  from  errors  depending  on  «,  and  that  their 
mean  epoch  is  about  1845,  we  shall  have  for  the  epoch  1861  (about  the  mean  of  the 
entire  Paris  series)  as  a  correction  to  Paris  observed  declinations: — 

(  +  ".82  sin  a  -|-  ".07  cos  a )  x  ^  =  +  ".140  sin  a  —  ".012  cos  a. 

JU 

Of  course,  if  the  mean  epoch  of  the  catalogues  making  up  the  standard  is  earlier 
than  1845,  this  correction  will  be  larger. 


*  Section  VI], 
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Bs  5G. 


Residuals  in  order  of  declination. 


Mean  <5 

7 r 

r0 

C0 

// 

+  86.9 

27 

n 

4  .  30 

n 

4  .24 

£  „ 

4  76.  4 

19 

4  .23 

4  .31 

e , 

+  09.8 

11 

4  .  03 

+  -31 

01.8 

20 

+  .30 

4  .25 

-t-  56.9 

17 

4  .15 

4  .13 

4  50.6 

39 

—  .07 

—  .  10 

4  45.6 

16 

—  .93 

—  .33 

4  38.3 

20 

—  .64 

—  .52 

+  32.8 

24 

—  .35 

—  .50 

4  27.4 

36 

—  .23 

—  .41 

4  21.2 

34 

—  .71 

—  .45 

4  14.2 

37 

—  .54 

—  .64 

-j-  8. 5 

36 

—  .44 

—  .72 

4  4.6 

24 

— 1.  50 

—  .74 

—  2.0 

21 

—  .73 

—  .59 

—  8.4 

18 

+  .  18 

—  .30 

—  14.  1 

18 

—  .23 

—  .21 

—  19.3 

9 

—  .  11 

—  .23 

—  22.2 

11 

—  .37 

—  .24 

—  28.7 

10 

—  .73 

—  .29 

With  m  —  7,  we  have: — 

E  =  ±  ".95 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

+  40°  to— 30° 

Declination  limits. 
4  40°  to  +  90° 

Declination  limits. 
—  30°  to  +  90° 

Mean  a 

7 r/ 

ro 

7 Tf 

7 

/ 

0 

7 T1 

rd 

'  h. 

; 

// 

// 

1 

21 

—  . 

50 

19 

— 

.  17 

40 

-  . 

3ti 

3 

13 

— l. 

76 

6 

— 

.17 

19 

— 1. 

25 

5 

14 

4  • 

41 

7 

.21 

21 

+  • 

35 

7 

10 

+  * 

92 

i 

+ 

.20 

11 

+  • 

85 

9 

25 

4  • 

14 

13 

+ 

.40 

38 

4 

26 

11 

22 

16 

16 

+ 

.32 

38 

4 

04 

13 

10 

-  . 

01 

11 

+ 

.11 

21 

4 

05 

15 

46 

4  • 

28 

13 

.08 

59 

4 

21 

17 

30 

4  • 

03 

19 

+ 

.09 

49 

4 

05 

19 

43 

H“  • 

06 

12 

.04 

55 

4 

04 

21 

25 

—  . 

29 

25 

— 

.  13 

50 

21 

23 

34 

—  . 

05 

10 

— 

.24 

44 

— 

09 

A  considerable  correetion  depending  on  a  is  indicated.  The  residuals  from  limits 
—  30°  to  +  90°  give: — 

—  ".04  sin  a  —  ".28  cos  a. 

But,  since  this  result  is  entirely  opposed  to  that  derived  from  the  later  Brussels 
work,  the  correction  is  neglected.  This  could  do  but  little  harm,  since  the  observations 
receive  small  weight-. 
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Ce  50. 

The  weights  are  formed  as  in  the  two  preceding  Cambridge  catalogues. 

Residuals  in  order  of  declination . 


Mean  (S 

-J 

»'o 

Co 

o 

II 

II 

+  87.5 

32 

—  .  10 

—  .22 

+  75.  8 

12 

—  .50 

—  .30 

+  70.7 

12 

—  .51 

—  .35 

+  C5.7 

11 

—  .03 

—  .43 

+  00.7 

44 

—  .64 

—  .53 

+  56.9 

30 

-  .45 

—  .69 

+  49.2 

28 

—1.25 

—1.16 

+  45.4 

30 

—1.39 

— 1. 36 

+  69.3 

28 

—1.47 

—1.45 

-f  32.7 

14 

—1.22 

—1.35 

+  27.9 

42 

—1.21 

—1. 22 

+  20.5 

28 

—  .96 

—  .92 

4-  14.5 

52 

—  .59 

—  .66 

+  8.9 

33 

—  .56 

—  .58 

+  5.2 

9 

—  .96 

—  .57 

—  0.9 

10 

—  .53 

—  .55 

—  8.3 

19 

—  .68 

—  .50 

—  13.9 

12 

—  .32 

—  .47 

—  19.1 

4 

—  .29 

—  .43 

—  21.6 

3 

+  -77 

—  .41 

—  26.2 

4 

—  .47 

—  .38 

With  in  =  5,  we  have: — 

E  =  =1=  ".GO. 


Residuals  in  order  of  rujlit  ascension. 


Declination  limits. 

—  30°  to  +90° 

Declination  limits. 

—  30°  to  +90° 

Mean  a 

7r' 

rd 

Mean  a 

+ 

rd 

h. 

II 

h. 

II 

1 

41 

+  .09 

13 

39 

+  .33 

3 

8 

+  .06 

15 

54 

—  .  11 

5 

22 

+  .02 

17 

44 

—  .  10 

7 

27 

+  .01 

19 

64 

+  .12 

9 

41 

—  .24 

21 

51 

—  .09 

11 

48 

—  .02 

23 

26 

+  .29 

538 
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Gk  57. 

Residuals  in  order  of  declination. 


Mean  (5 

tt' 

r0 

C0 

c 

+  86.  7 

45 

It 

+  .04 

it 

4-  .02 

«  3 

+  7G.2 

39 

+  .07 

-1-  .08 

e, 

+  70.4 

42 

+  .19 

4-  .15 

+  C6.7 

31 

+  .34 

4-  .19 

+  61.2 

68 

+  .24 

4-  .23 

+  56.7 

34 

+  .  18 

4-  .22 

+  51.0 

66 

+  .26 

+  .16 

+  45.4 

36 

+  .10 

+  -11 

+  40.2 

63 

4-  .05 

4-  •  11 

+  32.5 

54 

4-  .26 

4-  .20 

+  27.3 

94 

4-  .25 

4-  .29 

+  21.2 

110 

4-  .34 

+  .36 

+  14.6 

110 

4-  .39 

4-  .38 

4-  9.0 

146 

4-  .42 

4-  .34 

+  4.1 

71 

4-  .20 

4-  .26 

—  1.5 

84 

—  .04 

4-  .  17 

—  8.6 

69 

4-  .22 

4-  .20 

—  14. 1 

30 

4-  .31 

4-  •  25 

—  18.8 

22 

4-  .43 

4-  .26 

—  22.3 

31 

4-  .39 

+  .26 

—  28.2 

29 

4-  .02 

4-  .22 

With  m  =  6,  we  have: — 

E  m  ±  ".46. 

The  same  quantity  for  1864  is  ±  ".49 ;  ±  ".48  is  adopted  in  constructing  the  definitive 
system  of  weights.  Mr.  Stone  finds  (Month.  Not.,  29-324)  for  zenithal  value  of  £  ±  ".47, 

£ 

and  this  becomes  ±  ".85  at  70°.  It  is  probable,  therefore,  that  -  is  taken  too  small. 

Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  4-  5° 

Declination  limits. 
—  30°  to  4-  40° 

Declination  limits. 
—  30°  to  4-90° 

Mean  a 

7r' 

To’ 

7r' 

/ 

0 

7r' 

/ 

0 

h. 

U 

// 

// 

1 

16 

-  . 

25 

80 

4- 

.01 

129 

— 

.03 

3 

20 

4-  • 

08 

45 

+ 

.07 

55 

4- 

.05 

5 

24 

+  • 

01 

78 

4- 

,07 

109 

4- 

.08 

7 

14 

+  • 

15 

82 

+ 

.  15 

91 

+ 

.  15 

9 

8 

+  • 

20 

60 

4- 

.06 

85 

+ 

.08 

11 

30 

12 

73 

.05 

99 

.00 

13 

39 

-  . 

25 

56 

— 

.25 

78 

— 

.  16 

15 

39 

+  • 

11 

83 

— 

.01 

103 

— 

.02' 

17 

16 

-  . 

45 

66 

— 

.02 

127 

4- 

.02 

19 

24 

+  • 

07 

90 

— 

.05 

134 

.05 

21 

27 

04 

77 

— 

.05 

146 

— 

.03 

|  23 

38 

06 

71 

4- 

.05 

93 

+ 

.  10 
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C.  G.  H.  58. 


Residuals  in  order  of  declination. 


With  in  =  4,  we  have : — 


Mean  <5 

7Tf 

To 

Co 

o 

// 

// 

+  40.8 

3 

—  3.47 

+  44.7 

3 

—  1.27 

+  38.fi 

8 

.00 

—  .66 

-f  32.9 

10 

—  .23 

—  .10 

+  27.2 

35 

+  .  10 

—  .05 

-f  21.2 

48 

—  .21 

—  .09 

+  14.5 

45 

—  .  13 

—  .  15 

+  8.9 

58 

—  .20 

—  .18 

+  3.9 

31 

—  .19 

—  .21 

—  0.8 

31 

—  .23 

—  .23 

—  8.5 

38 

—  .  26 

—  .26 

—  14. 1 

19 

—  .38 

—  .21 

—  18.9 

12 

+  .21 

—  .16 

—  22.4 

19 

+  .17 

—  .13 

—  28.  0 

20 

—  .08 

—  .07 

—  34.9 

2 

—  .01 

.00 

—  42. 1 

4 

+  .  18 

+  .09 

—  52.1 

2 

—  .  30 

+  .17 

—  58.7 

6 

+  .  43 

+  .25 

—  75. 1 

3 

+  .36 

+  .19 

The  weights  of  the  last 
five  groups  are  arbi¬ 
trarily  selected,  and 
have  no  reference  to 
the  scale  adopted 
above. 


R  =  ±  ".SO. 


Dr.  Gylden  finds  (V.  J.  S.,  X,  197)  for  e  from  15°.2  to  41°.4  zenith  distance  ±  ".45,  and 

'1/24* 

but  a  slight  increase  to  60°  Z.  D.  Assuming  e,  to  be  ±-W-  =  ±  ".17,  we  have: — 

v  2 

R  =  ±  ".48, 

for  the  zenith.  The  above  value,  ±  ".50,  appears  to  be  quite  trustworthy. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +5° 

Declination  limits. 
+  5C  to  +  40° 

Declination  limits. 
—  30°  to  +  40° 

Mean  a 

n' 

r0‘ 

7 r' 

rd 

_/ 

/ 

0 

h. 

// 

// 

// 

1 

10 

"f*  • 

15 

27 

+ 

.14 

37 

+ 

.14 

3 

12 

+  • 

03 

9 

.16 

21 

— 

.05 

5 

18 

+  • 

10 

22 

— 

.19 

40 

— 

.07 

7 

10 

+  • 

20 

30 

+ 

.13 

40 

+ 

.  15 

9 

5 

+  • 

10 

21 

.01 

26 

+ 

.01 

11 

17 

+  * 

21 

19 

— 

.07 

36 

.  12 

13 

19 

00 

3 

— 

.17 

22 

— 

.02 

15 

19 

+  . 

37 

14 

— 

.08 

33 

+ 

.  14 

17 

9 

+  • 

04 

15 

— 

.10 

24 

— 

.05 

19 

14 

+  • 

20 

25 

+ 

.04 

39 

+ 

.10 

21 

14 

22 

12 

+ 

.52 

26 

+ 

.12 

23 

21 

-  . 

08 

10 

.03 

31 

.07 

*■  Hr.  Gylden  finds  -b/;.24  as  the  probable  minimum  error  of  a  difference  of 
declination,  Gh  57  C.  G.  H.  58  (V.  J.  8.,  X.  200). 
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Re  58. 


Residuals  in  order  of  declination. 


Mean  <5 

- 

>0 

Co 

o 

+  86.3 

17 

// 

[-  •  02] 

// 

+  .40 

e  2 

4  75.8 

14 

[+  -11] 

4  .62 

e. 

4  71.3 

12 

4  .82 

+  A1 

+  06.9 

11 

4  -76 

4  .71 

4  61.  1 

24 

4  .55 

4  .62 

-f  56.7 

26 

4  .52 

4  •  51 

4  50.6 

27 

4  .35 

4  .23 

4  45.8 

15 

4  .48 

—  .07 

4  39.4 

30 

—  .67 

—  .45 

4  33. 1 

24 

—  .63 

—  .71 

4  27.4 

30 

—  .82 

—  .77 

4  21. 1 

34 

—  .63 

—  .60 

4  14.6 

35 

—  .41 

—  .32 

4  9.1 

48 

—  .  11 

—  .03 

4  4.3 

23 

4  -18 

4  .24 

—  1.5 

29 

4  .59 

4  .57 

—  8.5 

22 

4  .92 

4  -76 

—  15.9 

17 

4  .6 

4  -77 

—  22.4 

11 

+  1.1 

4  .54 

—  27.9 

12 

—  .6 

4  .22 

With  m  =  5,  we  have : — 

E  =  ±  ".80. 

+  ".77  is  adopted.  (See  Re  45.) 

Iu  drawing  the  curve  I  have  been  much  assisted  by  the  very  complete  dis¬ 
cussion  of  this  catalogue  in  Yolume  Y.  of  the  Vierteljahrsschrift  der  Ast.  Ges.  The 
examination  for  terms  in  a,  however,  fails  to  confirm  Table  IV.,  given  in  the  place  cited, 
as  will  appear  from  the  following  : 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  4  5° 

Declination  limits. 
—  30°  to  4  40° 

Declination  limits. 

—  30°  to  4  90° 

Mean  a 

a-' 

r0 

n' 

To' 

7r' 

/ 

0 

7i. 

II 

// 

// 

1 

4 

— 1. 

45 

28 

— 

.35 

54 

— 

.01 

3 

7 

-  . 

37 

13 

— 

.30 

19 

+ 

.02 

5 

12 

-  . 

32 

28 

— 

.51 

37 

.32 

7 

G 

-  . 

15 

31 

+ 

.05 

34 

— 

.01 

9 

3 

+ 

90 

25 

.01 

37 

— 

.  12 

11 

9 

+ 

23 

25 

— 

.02 

37 

— 

.25 

13 

11 

+ 

01 

19 

+ 

.25 

32 

4 

.26 

15 

13 

06 

29 

+ 

.17 

45 

.18 

17 

5 

— 

06 

25 

.35 

44 

— 

.32 

19 

9 

— 

31 

31 

— 

.07 

44 

.04 

21 

9 

+ 

83 

27 

+ 

.53 

41 

4 

.51 

23 

14 

03 

26 

+ 

.27 

43 

+ 

.36 

1 

The  correction  depending  on  a,  if  it  exists,  is  so  uncertain,  from  the  small  weight, 
that  no  attempt  at  discussion  is  made.  The  probable  error  of  the  residuals  in  last 
column  varies  from  +  ".12  to  +  ".18. 
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Ps  60. 

Residuals  in  order  of  declination. 


Mean  6 

TV1 

I'o 

Co 

0 

+  86.8 

20 

u 

—  .  15 

// 

—  .19 

e 

-j-  76.  6 

13  ■ 

—  .47 

—  .  12 

+  70. 8 

13 

—  .03 

—  .05 

+  66.2 

8 

+  .02 

.00 

+  60.8 

29 

+  .05 

+  .04 

+  56.6 

28 

+  .03 

+  .06 

+  49.7 

25 

+  .07 

+  .  10 

+  45.2 

27 

+  .23 

+  .  10 

4-  39.5 

26 

—  .  12 

+  .10 

+  33.0 

31 

—  .19 

4-  .03 

+  27.4 

47 

—  .06 

—  .03 

+  21.1 

57 

—  .03 

—  .  11 

+  14.6 

58 

—  .  12 

—  .  16 

+  9.1 

86 

—  .26 

—  .19 

+  4.1 

33 

—  .  15 

—  .20 

—  1.7 

52 

—  .16 

—  .  16 

—  8.7 

45 

—  .08 

—  .06 

—  14.1 

17 

+  .  03 

+  .07 

—  18.9 

12 

4-  .  35 

+  .24 

—  21.9 

13 

+  .21 

+  .41 

—  27.9 

16 

-j-  .  76 

4-  .62 

The  outstanding  residuals  are  first  corrected  for  the  effect  of  terms  in  a,  as  found 
for  the  entire  Paris  series.  (See  Ps  56.) 

With  m  =  7,  we  have : — 

JE=±  ".35. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +5° 

Declination  limits. 
—  30°  to  4-  40° 

Declination  limits. 
4-  40°  to  4-  90° 

Declination  limits. 
—  30°  to  4-90° 

Mean  a 

7 r' 

r0 

7 r' 

/ 

0 

_/ 

7T 

/ 

0 

tt' 

t 

0 

h. 

// 

// 

// 

// 

1 

10 

-  , 

05 

47 

.00 

26 

4- 

.08 

73 

4- 

.03 

3 

13 

+  • 

07 

26 

— 

.10 

11 

4- 

.32 

37 

4- 

.02 

5 

15 

+  • 

25 

44 

4- 

.16 

12 

+ 

.21 

56 

+ 

.  17 

7 

4 

+  * 

50 

39 

4- 

.17 

1 

4- 

.50 

40 

+ 

.  18 

9 

5 

00 

35 

4- 

.23 

5 

.02 

40 

4- 

.20 

11 

12 

4-  . 

25 

40 

+ 

.12 

24 

+ 

.08 

64 

4- 

.  10 

13 

23 

4-  • 

07 

32 

"f~ 

.02 

15 

.09 

47 

.02 

15 

19 

04 

43 

.11 

24 

— 

.  13 

67 

— 

.  12 

17 

10 

-  . 

10 

37 

— 

.  14 

31 

— 

.  11 

68 

— 

.  13 

19 

19 

-  . 

24 

49 

— 

.25 

35 

— 

.15 

84 

— 

.21 

21 

20 

— 

07 

50 

— 

.27 

20 

— 

.05 

70 

— 

.20 

23 

25 

-  . 

02 

40 

4- 

.01 

8 

— 

.10 

48 

.00 

For  general  explanation  see  Ps  56. 
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Bs  CO. 


Residuals  in  order  of  declination. 


Mean  <S 

7r' 

To 

Co 

o 

// 

n 

4  86.7 

38 

4  .21 

4  .24 

«  .J 

4  76.6 

19 

4  .31 

4  .36 

e, 

4  71.4 

18 

4  .64 

4  .40 

4  66. 4 

7 

4  .32 

4  .39 

4  61.6 

32 

4  .53 

4  .30 

4  56.2 

31 

4  .03 

4  .14 

4  51.2 

43 

—  .15 

—  .  11 

4  45.6 

19 

—  .47 

—  .28 

+  38.6 

32 

—  .44 

—  .31 

+  33.  0 

27 

—  .20 

—  .21 

+  27.5 

57 

—  .  14 

—  .04 

4  21.5 

64 

A  -11 

—  .03 

4  14.8 

65 

—  .32 

—  .08 

4  9.2 

83 

—  .01 

—  .09 

4  3.2 

38 

—  .27 

—  .05 

—  1.6 

53 

4  .10 

—  .02 

—  8.5 

45 

—  .10 

.00 

—  14.0 

24 

4  .03 

.00 

—  18.8 

14 

4  .13 

.00 

—  22.  4 

19 

4  .21 

.00 

—  28.2 

19 

—  .25 

.00 

The  curve  from  which  C0  is  taken  is  derived  from  the  mean  of  Bs  60  and  Bs  05, 
since  there  is  no  reason  for  supposing  the  two  to  differ. 


Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  4  5° 

Declination  limits. 
—  30°  to  4  40° 

Decliuation  limits. 
4  40°  to  4  90° 

Declination  limits. 

—  30°  to  4  90° 

Mean  a 

A 

ro 

7r' 

/ 

0 

•o' 

7r' 

? 

0 

li. 

u 

// 

// 

" 

I 

11 

—  . 

05 

47 

— 

.  16 

29 

4 

.01 

76 

— 

.  10 

3 

18 

—  . 

24 

30 

A 

.07 

8 

4 

.20 

38 

A 

.10 

5 

18 

+  • 

31 

50 

+ 

.16 

12 

.08 

62 

A 

.11 

7 

11 

A  • 

75 

46 

A 

.40 

6 

A 

.60 

52 

A 

.42 

9 

7 

10 

33 

.09 

18 

A 

.  12 

51 

.02 

11 

15 

A  • 

05 

43 

A 

.05 

18 

.31 

61 

— 

.05 

13 

28 

-  . 

28 

40 

.  17 

14 

— 

.39 

54 

— 

.23 

15 

18 

-  . 

14 

54 

— 

.22 

14 

— 

.32 

68 

— 

.24 

17 

12 

-  . 

40 

49 

— 

.28 

25 

-f- 

.09 

74 

— 

.  16 

19 

16 

A  - 

13 

53 

— 

.07 

20 

.  17 

73 

— 

.10 

21 

20 

A  • 

04 

46 

— 

.02 

34 

A 

.09 

80 

4“ 

.03 

23 

20 

A  • 

15 

46 

— 

.  12 

12 

.12 

58 

.  12 

There  is  a  tolerably  well-marked  correction  indicated,  which  is  substantiated  by 
the  examination  of  Bs  05.  From  the  combined  values  of  r0'  in  the  limits  —30°  to 
4  90°,  we  have  : — 

-  (".17  A  ".03)  sin  a  +  (".005  A  ".03)  cos  a. 
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This  is  very  nearly  what  might  have  been  predicted  from  the  discussion  of  Brad¬ 
ley’s  declination,  the  zenith-points  at  Brussels  being  derived  from  a  standard  catalogue 
of  a  much  earlier  epoch,  with  proper  motions  computed  from  the  Fund  amenta. 

Correcting  the  values  of  r  for  the  curve  and  the  above  formula,  with  m  =  8,  we 
have  for  Bs  60: — 

E  =  =L  ".59, 

Me  02. 


Residuals  in  order  of  declination. 


Menu  6 

It' 

»'o 

Co 

o 

+  48.6 

3 

// 

1.77 

// 

e  2 

+  45.4 

5 

— 

.99 

+  38.7 

4 

+ 

.98 

+  .49 

+  32.4 

10 

+ 

.58 

+  .44 

+  27.1 

25 

+ 

.  54 

+  .40 

+  21.0 

28 

+ 

.36 

+  .38 

4-  14.7 

37 

+ 

.22 

+  .38 

+  9.2 

59 

+ 

.35 

+  .56 

+  4.2 

22 

+ 

.75 

+  .74 

—  1.2 

31 

+ 

1. 13 

+  .88 

—  8. 5 

24 

+ 

.83 

+  .87 

—  14.0 

15 

+ 

.48 

+  .77 

—  18.6 

11 

+ 

1. 33 

+  .66 

—  22.6 

12 

4“ 

.90 

+  .57 

—  28.2 

14 

+ 

.33 

+  .46 

—  34.8 

2 

+ 

.52 

+  .21 

—  41.1 

1 

.08 

+  .06 

—  50. 1 

2 

— 

.12 

—  .04 

—  59.4 

6 

— 

.30 

—  .20 

—  75.1 

3 

— 

.19 

—  .14 

The  correction  here  determined  is  applicable  in  addition  to  the  correction  given 
in  Introduction  to  Williamstown,  1861-63  (pp.  xxi  and  xxii). 

With  m  =  6,  we  have : — 

E  =  ±  "90. 


This  large  probable  error,  nearly  twice  that  of  Me  68,  found  in  precisely  the  same 
way,  may  be  partly  owing  to  the  neglect  of  correction  proceeding  according  to  a.  The 
observations  themselves  are  known  to  be  less  exact*  than  those  of  Me  68,  but  appar¬ 
ently  not  iu  the  ratio  indicated  above. 

In  the  comparison  of  Gh  57  —  Me  62f  Dr.  Gylden  finds : — 


+  ".07  cos  a  +  ".14  sin  a  —  ".40  cos  2a  —  ".34  sin  2  a. 


Something  like  this  is  indicated  iu  the  examination  below,  and  probably  has  a  real 
existence.  On  the  whole,  I  thought  it  not  advisable  to  investigate  the  correction,  what¬ 
ever  it  is,  depending  on  a. 


Vide  V.  J.  S.,  vol,  v,  p.  289. 


t  IUd.,  p.  291. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
+  5°  to  +  40° 

Declination  limits. 
—  30°  to  +  40° 

Mean  a 

7 r1 

r0 

7 r' 

■o' 

_/ 

/l 

rd 

It. 

// 

// 

// 

1 

7 

-  . 

17 

19 

— 

.08 

26 

-  . 

10 

3 

11 

-  , 

20 

3 

— 

.30 

14 

-  . 

24 

5 

16 

+  . 

18 

26 

— 

.64 

42 

-  . 

33 

7 

8 

+  • 

10 

18 

— 

.13 

26 

-  . 

06 

9 

4 

+  • 

10 

14 

+ 

.  15 

18 

+  • 

14 

11 

10 

4  • 

12 

14 

+ 

.41 

24 

+  • 

29 

13 

14 

+  • 

69 

2 

+ 

.60 

16 

+  • 

65 

15 

9 

+  • 

28 

10 

+ 

.92 

19 

+  • 

62 

17 

G 

70 

12 

.19 

18 

36 

19 

7 

-  . 

05 

14 

— 

.25 

21 

-  . 

31 

21 

12 

+  • 

37 

10 

+ 

.29 

22 

-  . 

07 

23 

18 

+  • 

19 

10  ' 

+ 

.12 

28 

+  • 

16 

Wn  64. 

The  weights  {n')  are  constructed  as  explained  in  Section  Y. 

Residuals  in  order  of  declination. 


Mean  <5 

7 1' 

ro' 

Co 

o 

// 

n 

+■  87. 1 

95 

+  .10 

+  .10 

+  76. 1 

56 

+  .26 

+  .  11 

+  70.7 

51 

+  .27 

+  .08 

+  66.1 

38 

—  .03 

+  .06 

+  62.0 

43 

—  .41 

+  .03 

+  56.2 

19 

—  .07 

—  .01 

+  50.6 

26 

+  .32 

—  .05 

+  45.7 

22 

+  .11 

—  .09 

4-  38.8 

24 

+  .08 

—  .14 

+  33.0 

11 

—  .04 

—  .21 

+  27.4 

59 

—  .33 

—  .29 

+  21.  4 

67 

—  .44 

—  .38 

+  14.5 

79 

—  .31 

—  .  45 

+  8.9 

80 

—  .59 

—  .46 

+  4.5 

38 

—  .44 

—  .44 

—  1.3 

40 

—  .  11 

—  .39 

—  8.8 

37 

—  .38 

—  .29 

—  13.9 

15 

—  .60 

—  .21 

—  18.9 

8 

+  -4 

—  .12 

—  21.4 

5 

+  .0 

—  .07 

—  28. 2 

15 

—  .  1 

+  .06 

Correcting  the  outstanding  residuals  by  the  formula  embracing  terms  in  a  (see 
Wn  47)  and  with  m  =  6,  we  have: — 


E=±  ".11. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
—  30°  to  +  40° 

Declination  limits. 

+  40°  to  +  90° 

Declination  limits. 
—  30°  to  +  90° 

Mean  a 

_/ 

r0‘ 

7 r' 

/ 

J 

7r' 

/ 

0 

_/ 

71 

? 

/ 

0 

h. 

n 

// 

// 

// 

1 

3 

— 

50 

50 

— 

.  19 

62 

— 

.05 

112 

— 

.  12 

3 

8 

—  . 

25 

22 

— 

.  12 

8 

— 

.36 

30 

— 

.  18 

5 

11 

+  . 

04 

36 

— 

.53 

17 

— 

.03 

53 

— 

.37 

7 

2 

20 

29 

— 

.24 

11 

— 

.50 

40 

— 

.31 

9 

2 

+  • 

20 

29 

+ 

.  17 

10 

+ 

.48 

39 

+ 

.25 

11 

6 

20 

35 

.  16 

29 

.32 

64 

.23 

13 

20 

4- . 

47 

34 

+ 

.32 

32 

+ 

.28 

66 

+ 

.30 

15 

16 

4-  • 

33 

45 

-1- 

.40 

48 

+ 

.25 

93 

+ 

.31 

17 

12 

+  • 

10 

41 

+ 

.34 

32 

+ 

.26 

73 

+ 

.30 

19 

12 

37 

54 

.08 

31 

.37 

85 

— 

.  19 

21 

20 

+  • 

21 

41 

— 

.02 

45 

+ 

.23 

86 

+ 

.11 

23 

30 

09 

51 

+ 

.05 

25 

.06 

76 

+ 

.01 

The  general  explanation  is  given  under  Wn  47. 


Gh  G4. 


Residuals  in  order  of  declination. 


Mean  <S 

7 r' 

J'o 

Co 

o 

+  86.7 

47 

// 

+  .11 

// 

.00 

1  =  3 

+  76.5 

41 

—  .23 

.00 

-’r  70.7 

47 

—  .  12 

.00 

+  66.4 

41 

4-  .06 

.00 

+  61.4 

54 

4-  .07 

.00 

+  55.9 

28 

—  .  14 

.00 

+  51.0 

53 

4-  .20 

.00 

+  45.6 

53 

—  .  12 

.00 

+  40.2 

68 

4-  .12 

.00 

+  32.  8 

55 

—  .03 

4-  .07 

+  27.2 

87 

4-  .16 

4-  .12 

+  21. 1 

101 

4-  .13 

4-  .15 

+  14.6 

102 

4-  .15 

4-  .12 

4-8.9 

122 

4-  .05 

4-  .  05 

4-  4.2 

50 

4-  .19 

.00 

—  1.2 

64 

_  22 

—  .09 

—  8.6 

65 

—  .07 

—  .03 

-  14.1 

26 

4-  .07 

+  -11 

—  18.8 

17 

4-  .61 

4-  .24 

—  22.1 

21 

4-  .25 

■  4-  .32 

—  28.1 

23 

4-  .55 

4-  .49 

With  m  =  5,  we  have : — 


E  =  ±  ".49. 


±  ".48  is  adopted  for  the  definitive  weights,  as  explained  under  Gli  57. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to-)- 5° 

Declination  limits. 
—  30°  to  -f-  40° 

Declination  limits. 
—  30°  to  +  90° 

Mean  a 

7r' 

rd 

7r' 

7 

/ 

0 

7T/ 

rd 

h. 

II 

// 

// 

1 

ll 

+  • 

57 

76 

+ 

.14 

114 

+ 

.05 

3 

1G 

+  • 

09 

37 

— 

.09 

54 

.01 

5 

25 

01 

73 

+ 

.03 

104 

+ 

.04 

7 

7 

-  . 

49 

68 

.  15 

77 

.13 

9 

7 

-  . 

40 

58 

— 

.  14 

76 

— 

.02 

11 

21 

-  . 

14 

60 

— 

.05 

91 

— 

.11 

13 

33 

-  . 

14 

49 

— 

.12 

79 

— 

.05 

15 

28 

-  . 

06 

76 

+ 

.01 

116 

— 

.03 

17 

9 

# 

00 

61 

+ 

.  11 

103 

.09 

19 

22 

+  • 

02 

78 

.02 

121 

.06 

21 

27 

+  • 

23 

69 

.18 

138 

+ 

.14 

23 

33 

+  • 

05 

60 

+ 

.13 

85 

+ 

.04 

For  remarks  see  Bn  CG. 


Ps  G4. 


Residuals  in  order  of  declination. 


Mean  6 

7 r' 

r0 

C0 

o 

+  86.6 

20 

// 

—  .18 

// 

—  .22 

e  n 

+  76.6 

12 

—  .40 

—  .26 

—  =  2 

+  70.7 

11 

—  .  16 

—  .27 

c/ 

-(-  66.2 

8 

—  .04 

—  .27 

4-  61. 1 

21 

—  .30 

—  .25 

4-  56.3 

21 

—  .  17 

—  .22 

4-  50.6 

30 

—  .17 

—  .22 

4-  45.3 

25 

—  .33 

—  .26 

4-  39.5 

25 

—  .39 

—  .30 

4-  32. 8 

33 

—  .31 

—  .28 

4-  27.2 

47 

—  .15 

—  .16 

4-  21.  0 

56 

—  .03 

-  .06 

4-  14.6 

53 

—  .06 

—  .07 

4-  9.1 

77 

—  .21 

—  .16 

4-  4.0 

25 

—  .29 

—  .22 

—  1.8 

51 

—  .16 

—  .21 

—  8.5 

40 

—  .15 

—  .13 

—  14. 1 

15 

4-  .02 

4-  .04 

—  18.9 

10 

4-  -41 

4-  .29 

—  21.9 

13 

—  .08 

4-  .43 

—  27.9 

15 

4-1.01 

4-  .90 

With  the  correction  depending  on  a ,  and  with  m  =  9,  we  have: — 

E  =  4  "37. 

From  Ps  G6,  we  have : — 

E  =  ±  ".41. 

The  mean  is  adopted,  since  both  series  are  essentially  the  same. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
—  30°  to  +  40° 

Declination  limits. 
+  40°  to  +  90° 

Declination  limits. 
—  30°  to  +  90° 

Mean  a 

7T1 

rd 

*■' 

/ 

0 

7T/ 

/ 

0 

7 r/ 

f 

0 

h. 

, 

// 

// 

// 

1 

8 

-  . 

25 

42 

+ 

.04 

25 

+ 

.  14 

67 

4- 

.08 

3 

12 

+  • 

13 

24 

+ 

.05 

13 

+ 

.05 

37 

4- 

.05 

5 

16 

+  • 

38 

45 

+ 

.  19 

9 

.07 

54 

4- 

.14 

7 

4 

+  • 

60 

40 

4- 

.  13 

1 

+ 

.30 

41 

4- 

.  14 

9 

5 

+  • 

20 

36 

+ 

.08 

8 

+ 

.30 

44 

4- 

.  12 

11 

10 

22 

37 

.01 

23 

+ 

.  16 

60 

4- 

.05 

13 

23 

10 

32 

— 

.03 

14 

+ 

.03 

46 

.01 

15 

20 

+ . 

03 

42 

— 

.15 

15 

.09 

57 

— 

.  14 

17 

10 

06 

34 

— 

.  15 

15 

— 

.  17 

49 

— 

.16 

19 

13 

—  . 

05 

48 

— 

.27 

12 

— 

.24 

60 

— 

.27 

21 

21 

+ . 

05 

39 

— 

.  19 

17 

— 

.01 

56 

— 

.14 

23 

16 

08 

32 

+ 

.50 

4 

.00 

36 

4- 

.04 

The  correction  is  derived  under  Ps  56. 


Bs  65. 

Residuals  in  order  of  declination. 


Mean  <5 

7 r 

r0 

Co 

O 

U 

// 

4-  87.0 

22 

4-  .27 

4-  .24 

e  3 

4-  76.6 

18 

4-  .22 

-f  .36 

e, 

4-  70.5 

9 

4-  .47 

4-  .40 

4-  67.  3 

1 

4-  .05 

4--.  39 

4-  61.8 

16 

4-  .37 

4-  .31 

4-  55.9 

17 

—  .01 

4-  .10 

4-  50.2 

30 

—  .06 

—  .  17 

4-  45.2 

21 

—  .22 

—  .29 

4-  39.0 

26 

—  .30 

—  .31 

4-  32.5 

26 

4-  .12 

—  .19 

4-  27.4 

51 

—  .05 

—  .03 

4-  21.3 

47 

4-  .27 

4-  .03 

4-  14.4 

48 

—  .08 

—  .08 

4-8.8 

67 

4-  .07 

—  .09 

4-  4.2 

27 

4-  .14 

—  .05 

—  1.6 

47 

—  .12 

—  .02 

—  8.6 

42 

4-  .02 

.00 

—  14.0 

22 

4-  .26 

.00 

—  18.8 

15 

4-  .15 

.00 

—  22.3 

18 

4-  .13 

.00 

—  28.2 

8 

—  .05 

.00 

From  the  final  residuals,  corrected  as  in  the  case  of  Bs  60,  we  have  (with  m  =  S): — 

E  =  ±  "44. 

I  have  considered  this  large  increase  in  precision  to  be  real,  and  have  adopted  the 
respective  values  of  E,  as  determined,  in  constructing  the  definitive  table  of  weights 
f  or  Bs  60  and  Bs  65. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +5° 

Declination  limits. 
—  30°  to  +  40° 

Declination  limits. 
+  40°  to  +  90° 

Declination  limits. 
—  30°  to  +90° 

Mean  a 

tt' 

r0 

/ 

_/ 

71 

V 

7T' 

7 

/ 

0 

TZ1 

/ 

0 

h. 

// 

// 

// 

// 

1 

11 

+ 

35 

43 

+ 

.16 

20 

— 

.09 

63 

.08 

3 

13 

+ 

55 

23 

+ 

.39 

7 

+ 

.10 

30 

+ 

.32 

5 

13 

+ 

12 

37 

+ 

.35 

7 

+ 

.13 

44 

+ 

.32 

7 

5 

+ 

50 

28 

+ 

.32 

3 

+ 

.20 

31 

+ 

.31 

9 

7 

00 

28 

.  14 

10 

+ 

.29 

38 

+ 

.18 

11 

12 

+ 

12 

36 

+ 

.20 

18 

+ 

.26 

54 

+ 

.22 

13 

26 

20 

38 

.06 

10 

+ 

.10 

48 

.03 

15 

20 

+ 

04 

41 

.00 

13 

+ 

.07 

54 

+ 

.01 

17 

10 

06 

44 

— 

.04 

15 

.11 

59 

.06 

19 

13 

— 

05 

45 

— 

.  18 

7 

+ 

.19 

52 

— 

.  13 

21 

21 

+ 

05 

43 

+ 

.05 

19 

.07 

62 

"1" 

.01 

23 

16 

08 

34 

.00 

8 

— 

.34 

42 

.06 

For  further  explanations  see  Bs  60. 


Ps  66. 

Residuals  in  order  of  declination. 


Mean  4 

7r' 

r0 

C0 

o 

// 

// 

+  87.4 

16 

—  .32 

— 

.20 

+  76.7 

7 

—  .10 

— 

.20 

-  =  2 

+  70.9 

5 

—  .15 

— 

.18 

+  66.0 

5 

—  .19 

— 

.  12 

+  60.9 

19 

+  .01 

— 

.03 

+  56.5 

19 

+  .07 

.00 

+  50.4 

20 

+  .14 

— 

.01 

+  45.2 

27 

—  .  13 

— 

.07 

+  39.4 

26 

—  .26 

— 

.15 

+  32.9 

34 

—  .19 

— 

.16 

+  27.4 

47 

—  .06 

— 

.10 

+  21.2 

51 

—  .03 

— 

.06 

+  14.7 

52 

-  .11 

— 

.16 

+  9.1 

78 

—  .29 

— 

.25 

+  4.1 

26 

—  .32 

— 

.27 

—  1.8 

48 

—  .21 

— 

.24 

—  8.5 

41 

—  .25 

— 

.19 

—  14.1 

14 

+  .01 

— 

.09 

—  18.7 

12 

—  .14 

+ 

.02 

—  21.9 

12 

+  -11 

+ 

.14 

—  27.9 

15 

+  .56 

+ 

.39 

In  the  same  manner  as  with  Ps  64,  we  have : — 

E  =  ±  "41. 


±  .39  is  adopted,  as  previously  explained. 
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Residuals  in  order  of  right  ascension. 


Decimation  limits. 


Declination  limits. 


Declination  limits. 


-30°  to  +5° 

—  30c 

to  4- 

40° 

+  40°  to  4- 

90° 

—  30°  to-f 

90° 

Mean  a 

7I7 

’o' 

T 

/ 

0 

7 r' 

t 

0 

7T7 

r0' 

h. 

// 

// 

// 

// 

1 

8 

+  • 

35 

45 

— 

.08 

18 

+ 

.18 

63 

.00 

3 

10 

22 

22 

— 

.21 

13 

+ 

.18 

35 

— 

.07 

5 

16 

10 

42 

+ 

.26 

8 

+ 

.05 

50 

+ 

.26 

7 

3 

+i. 

40 

36 

+ 

.28 

0 

.00 

36 

+ 

.28 

9 

4 

+ 

30 

33 

+ 

.11 

8 

— 

.07 

41 

+ 

.08 

11 

10 

+ 

52 

32 

+ 

.24 

16 

+ 

.12 

48 

+ 

.20 

13 

22 

+ 

14 

31 

+ 

.10 

11 

.37 

42 

+ 

.17 

15 

16 

15 

40 

.17 

12 

+ 

.27 

52 

.07 

17 

9 

+ 

39 

35 

— 

.20 

9 

4- 

.02 

44 

— 

.15 

19 

19 

11 

45 

— 

.21 

10 

.64 

55 

— 

.29 

21 

16 

— 

08 

46 

— 

.14 

16 

— 

.22 

62 

— 

.16 

23 

20 

+ 

04 

36 

+ 

.03 

7 

* 

.31 

43 

.02 

Declination  limits. 


The  discussion  of  correction  is  given  under  Ps  56. 


Bn  G6. 


Each  value  of  r  receives  weight  one. 

Residuals  in  order  of  declination. 


Mt-au  d 

7 r 

»0 

Co 

o 

// 

// 

4-  85.6 

2 

4-  .34 

4-  .41 

+  76.  3 

4 

4-  -47 

+  .67 

+  71.0 

6 

4-  .82 

+  -71 

+  66.  1 

3 

4-  .72 

+  .57 

+  62.0 

5 

4-  .26 

4-  .25 

+  56.0 

4 

—  .45 

—  .28 

+  50.  6 

10 

—  .58 

—  .54 

4-  45.4 

6 

—  .63 

—  .59 

4-  39.2 

3 

—  .62 

—  .56 

+  32.8 

5 

—  .27 

—  .45 

4-  27.0 

5 

—  .58 

—  .32 

+  20.7 

9 

—  .19 

—  .25 

4-  15.0 

4 

—  .43 

—  .20 

4-  9.0 

8 

.00 

—  .21 

4-  4. 1 

4 

—  .34 

—  .27 

—  1.3 

8 

—  .36 

—  .35 

—  8.2 

4 

—  .35 

—  .40 

—  14.0 

2 

4-  .05 

—  .40 

—  18.7 

3 

—  .76 

—  .40 

—  22. 5 

3 

—  .48 

—  .40 

—  28.8 

1 

[4-  -51] 

[-  -40] 

The  correction  in  order  of  declination,  as  well  as  right  ascension,  appears  to  re 
produce  in  proper  proportion  and  with  opposite  signs  the  peculiarities  noticed  in  the 
correction  for  Bradley’s  declinations. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  -{-  6° 

Declination  limits. 
—  30°  to  -f  40° 

Declination  limits. 
4  40°  to  4  90° 

Mean  a 

7 r' 

rd 

7T1 

rd 

7 T1 

h. 

// 

// 

// 

1 

2 

—  .30 

6 

—  .20 

5 

4  .14 

3 

2 

-f  .25 

4 

4  .37 

2 

4  -10 

5 

3 

4  .13 

6 

4  .07 

4 

4  .08 

7 

2 

4  .00 

5 

4-  .48 

9 

3 

4  .03 

4 

4  -12 

11 

2 

-}-  .  65 

6 

4  .57 

4 

—  .33 

13 

4 

4  .07 

6 

.00 

2 

4  .25 

15 

2 

—  .55 

4 

—  .45 

4 

—  .30 

17 

1 

—  .30 

4 

-  .10 

5 

—  .  14 

19 

2 

—  .  64 

4 

—  .31 

2 

4  .90 

21 

1 

4  -io 

5 

—  .32 

6 

-  .30 

23 

4 

—  .10 

5 

—  .06 

3 

—  .03 

The  “Northern  stars”  were  reduced  on  other  principles  than  those  adopted  for  the 
zone  —  30°  to  +  40°.  Argelander  has  given  (in  Volume  YI.  of  the  V.  J.  S.  der  Ast.  Gcs., 
p.  100)  the  results  of  a  very  careful  comparison  of  the  difference  of  declination  between 
Gh  G4  and  Bn  GO.  He  finds  (p.  114,  ibid)  for  the  zone  —  30°  to  -f  40°: — 

(1)  -  ".425  +  0".313  sin  a  —  0".201  cos  a, 

as  the  difference  “Gr.  —  Bonn.”  From  the  above  table,  declination  limits  —30°  to 
4  40°,  I  find  : — 

(2)  +  0".309  sin  a  —  0".151  cos  a , 

as  the  correction  to  Bn  GG.  This  coincidence  between  the  peiiodic  terms  of  (1)  and  (2) 
tends  to  prove  that  the  discrepancy  between  Gh  G4  and  Bn  GG  is  almost  wholly  due  to 
error  of  the  latter. 

Taking  the  mean  epoch  of  the  catalogues  upon  which  are  based  the  declinations  of 
Wolfer’s  Tabulae  Reductionum  (also  Berlin  Jalirbucli ,  on  which  Argelander’s  (18GG)  decli¬ 
nations  are  founded)  to  be  1832,  and  assuming  their  mean  to  be  practically  free  from 
error,  proceeding  according  to  right  ascension,  we  shall  have  as  the  correction  to  these 
declinations  ( Berlin  Jalirbucli)  for  18GG,  and  lor  +  20°  declination: — 

H  X  (+  ".84  sin  «  +  ".17  cos  a)  =  +  ".37  sin  a  +  ".06  cos  a.* 

Considering  the  great  uncertainty  of  the  individual  positions  of  Wolfer’s  catalogue 
for  18GG,  this  may  be  regarded  as  a  very  fair  approximation  to  (2),  which  is  adopted  as 
the  definitive  correction  for  the  zone  —30°  to  +  40°.  The  Northern  stars  appear  to 
require  no  such  correction. 

With  m  —  8,  we  have : — 

E  =  ±  "31. 

'  Argelander  finds  (V.  .J.  S.,  Vol.  V.,  p.  110.)  Gr.  18G4  —  Wolfer’s  =  +  0".475  sin  (a  —  2°  58'.) 
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Eo  GO. 

Owing  to  the  extreme  uncertainty  of  the  individual  corrections,  the  comparisons 
•with  definitive  curves  are  of  little  interest,  and  for  convenience  they  are  here  omitted. 
The  residuals  were  all  plotted  on  a  single  sheet,  so  that  peculiarities  common  to  all  the 
years  were  easily  detected. 


Residuals  in  order  of  declination. 

1  =  2. 


Ee  62. 

Eo  63. 

Ee  64. 

Eo  65. 

Eo  66. 

Eo  67. 

Eo  68. 

Eo  69. 

IVlLitLl  U 

7t' 

r0 

7r' 

»'o 

tt' 

r0 

r0 

7i‘ 

r0 

7T/ 

n> 

7t' 

r0 

n' 

r0 

o 

// 

// 

II 

// 

II 

// 

n 

1/ 

+  87 

34 

—  .  25 

38 

—  .  12 

34 

+  .33 

27 

+  .21 

22 

+  .84 

29 

+  .16 

32 

+  .08 

36 

+  .05 

+  76 

12 

—  .  63 

8 

—1.41 

18 

+  .32 

8 

+  .94 

8 

+  1.46 

21 

—  .01 

17 

+  .05 

21 

—  .04 

+  70 

5 

+  .00 

8 

—  .  55 

9 

—  .42 

4 

+  1.30 

8 

+  1.36 

26 

+  .  15 

28 

+  .74 

41 

—  .03 

-1-  6o 

2 

—  .  15 

4 

4-  .30 

5 

+  -53 

2 

+  1.  40 

9 

+  .07 

8 

—  .47 

17 

—  .  4H 

+  62 

5 

— 1. 53 

4 

—1.60 

17 

—1.09 

18 

+  .12 

4 

+  1.60 

20 

—  .  10 

21 

+  .02 

39 

—  .16 

+  56 

1 

—3.  10 

7 

—  .93 

1 

+  1.00 

3 

+  .90 

14 

—  .  17 

23 

+  .34 

49 

—  .  to 

4-  51 

6 

—1.60 

1 

—1.00 

6 

—  .32 

5 

+1.  90 

17 

—  .82 

19 

—  .  16 

36 

—  .46 

4-  45 

5 

—1.50 

1 

+  .60 

2 

-1. 10 

3 

+1.03 

9 

+  .14 

6 

—1.03 

6 

+1.26 

22 

—  .44 

4-  59 

4 

—1.45 

6 

+  .05 

.... 

......  . 

7 

—  .37 

9 

-  .  63 

14 

—  .55 

10 

—  .40 

32 

—  .22 

4-  32 

17 

—1.77 

13 

—  .37 

10 

—  .  55 

20 

—  .53 

24 

—  .43 

12 

—  .  62 

7 

—  .01 

24 

—2.  75 

4-  27 

52 

—1.31 

41 

—  .83 

33 

—  .60 

34 

+  .  02 

41 

—  .  05 

33 

—  .29 

30 

+  .  12 

52 

—  .29 

+  21 

44 

—  1.51 

52 

-1.15 

32 

—  .48 

27 

+  .14 

41 

—  .56 

38 

-  .51 

31 

+  .12 

34 

—  .37 

+  15 

58 

—1.78 

56 

—1.32 

24 

—  .48 

43 

—  .40 

44 

—  .88 

38 

—  .  26 

37 

—  .  15 

54 

—  .65 

+  9 

56 

—1.80 

63 

-1.16 

33 

—  .  49 

54 

—  .44 

52 

—1.26 

46 

—  .98 

29 

+  .07 

54 

—  .55 

+  4 

30 

—1.44 

28 

—  .37 

24 

+  .43 

26 

—  .  16 

19 

— • .  67 

12 

—1.80 

10 

— 1. 14 

18 

—  .  58 

—  1 

31 

—  .85 

40 

+  .  15 

24 

+  .07 

23 

-f-  .  22 

29 

— 1. 16 

14 

—  .67 

15 

—  .71 

27 

—  .70 

—  8 

34 

—  .61 

31 

-  .27 

18 

+  .86 

30 

+  .46 

21 

—  .56 

18 

—  .83 

14 

—  .64 

19 

—  .24 

—  14 

12 

—  .38 

18 

—  .21 

8 

+  .58 

15 

+  .  55 

13 

—1.04 

1 

+  .60 

3 

+  .43 

10 

—  .25 

—  19 

10 

4-  .01 

10 

—  .16 

6 

—  .45 

9 

+  .72 

10 

—1.80 

6 

—1.18 

4 

— 1.  02 

7 

—  .67 

—  22 

11 

—  .63 

16 

4-  .14 

7 

-I-  .46 

8 

—  .47 

10 

—1.96 

2 

—1.80 

3 

+  .30 

7 

—  .57 

—  28 

10 

+2. 85 

7 

+  .83 

4 

+  .  18 

7 

+  .06 

4 

—2.  67 

5 

—2.79 

3 

—  .66 

10 

+  .  15 

For  the  earlier  years  the  curve  of  correction  l'or  stars  from  +  35°  to  +  9G°  is 
necessarily  largely  ideal. 

With  various  values  of  m,  I  deduce  roughly. 

E  =  A  l".l. 


From  Ee  72,  we  have : — 

E  =  A  ".9. 

The  mean  ±  1".00  is  adopted  in  forming  the  definitive  table  of  weights. 
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Residuals  in  order  of  right  ascension. 


Mean  a 

Re  62. 

Re  63. 

Re  64. 

Re  65. 

Re  66. 

Re  67. 

Re  68. 

Re  69. 

TT7 

rd 

7 T1 

r0' 

7T7 

rd 

7r' 

r  ' 

7T 

rd 

T7 

rd 

n' 

rd 

_/ 

7 r 

rd 

h. 

1 

37 

II 

+  .18 

37 

II 

—  .11 

38 

II 

—  .25 

44 

II 

-f  .53 

40 

II 

+  .05 

33 

n 

—  .04 

40 

II 

—  .  19 

61 

II 

+  -17 

O 

.> 

18 

—  .04 

21 

—  .30 

11 

+  .04 

16 

+  .24 

19 

+  .22 

21 

—  .89 

8 

—  .29 

18 

+  .28 

5 

37 

+  .29 

31 

—  .  18 

12 

—  .60 

22 

—  .06 

50 

4-  .  18 

26 

—  .19 

26 

+  .79 

21 

+  .  13 

7 

32 

+  .41 

36 

+  .30 

22 

—  .39 

21 

—  .36 

36 

—  .43 

30 

—  .19 

22 

+  .67 

24 

—  .28 

9 

27 

+  .52 

26 

—  .50 

19 

—  .07 

14 

+  .13 

11 

—  .02 

16 

+  .35 

11 

—  .05 

39 

—  .  10 

11 

26 

+  .09 

34 

—  .24 

28 

—  .25 

27 

—  .03 

23 

—  .12 

38 

+  .37 

37 

+  .39 

57 

—  .05 

13 

27 

+  .06 

30 

+  .28 

17 

—  .25 

17 

—  .21 

21 

+  .12 

30 

+  .03 

21 

—  .04 

52 

+  .20 

15 

52 

—  .  11 

45 

+  .10 

31 

+  .15 

44 

—  .02 

37 

+  .18 

44 

+  .27 

46 

—  .06 

69 

+  ,11 

17 

39 

—  .65 

45 

+  .17 

15 

+  .77 

31 

—  .98 

45 

—  .25 

46 

+  .06 

43 

+  .02 

88 

—  .06 

19 

51 

—  .48 

43 

4-  .34 

33 

+  .31 

37 

—  .66 

38 

—  .58 

35 

4-  .  12 

30 

—  .28 

74 

—  .15 

21 

54 

+  .13 

52 

—  .07 

50 

-  .19 

53 

4-  -17 

31 

4-  .  19 

32 

—  .39 

38 

—  .21 

56 

-f  .  16 

23 

34 

—  .04 

39 

+  .32 

37 

+  .50 

41 

-f  .44 

20 

+  .31 

25 

—  .08 

22 

—  .88 

46 

+  -11 

There  appears  to  be  no  consistent,  well-defined  correction  depending  on  A.  E.  The 
division  into  zones  proved  equally  unavailing  for  the  discovery  of  such  a  correction. 


Lc  67. 


Each  value  of  r  receives  weight  one. 


Residuals  in  order  of  declination. 


Mean  4 

7 T1 

r0 

Co 

o 

1/ 

1/ 

+  86.7 

5 

+ 

.38 

4-  .38 

+  76.8 

4 

+ 

.82 

+  .87 

+  71.0 

6 

+  1.20 

+  .99 

+  66.4 

5 

+ 

1. 18 

+  .93 

+  60.8 

13 

+ 

.89 

+  -74 

4-  56. 5 

8 

+ 

.36 

4-  .52 

+  50.9 

14 

.00 

+  .23 

+  45.6 

11 

— 

.23 

—  .01 

+  40. 1 

11 

+ 

.  10 

—  .23 

+  33.3 

8 

.09 

—  .40 

+  27.5 

9 

— 

.49 

—  .50 

+  21.2 

10 

— 

.81 

—  .55 

+  15.5 

11 

— 

.48 

—  .53 

+  8.8 

13 

— 

.33 

—  .46 

+  4.0 

7 

— 

.35 

—  .43 

—  1.7 

11 

— 

.54 

—  .43 

—  8.6 

7 

— 

.51 

—  .43 

—  14.0 

2 

— 

.32 

—  .40 

—  18.7 

3 

.00 

—  .32 

—  22.5 

3 

— 

.32 

—  .24 

—  28.8 

1 

— 

.40 

—  .08 

With  in  =  8,  we  have : — 


±  ".27. 


[147] 
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Residuals  in  order  of  right  ascension. 


Declination 

limits. 

Declination  limits. 

Declination  limits. 

-  30°  to  -f  5° 

—  30°  to  +  40° 

—  30°  to  +90° 

Mean  a 

Jr' 

rd 

id 

rd 

id 

rd 

h. 

// 

n 

// 

1 

2 

—  .05 

10 

.00 

18 

—  .03 

3 

3 

+  .  07 

5 

+  .12 

8 

-  .04 

5 

4 

+  .25 

10 

+  .14 

17 

+  .16 

7 

2 

.00 

7 

-f  .01 

8 

—  .01 

9 

1 

.00 

5 

+  .22 

10 

+  .06 

11 

3 

+  .  10 

8 

.00 

17 

—  .15 

13 

5 

—  .28 

7 

—  .33 

10 

—  .12 

15 

2 

-f  .05 

7 

+  .14 

14 

•f  .04 

17 

1 

+  .10 

7 

+  .21 

15 

4  .16 

19 

3 

+  .20 

10 

+  .07 

18 

4  .04 

21 

2 

—  .30 

8 

+  .09 

1G 

+  .02 

23 

4 

—  .20 

8 

—  .19 

12 

—  .14 

Ln  67. 

Each  value  of  r  receives  equal  weight. 

Residuals  in  order  of  declination. 


Mean  6 

r0 

Co 

o 

U 

// 

+  86.7 

5 

±  .00 

.00 

+  76.8 

3 

4-  .04 

—  .01 

+  69.9 

1 

—  .22 

—  .05 

+  66.3 

3 

—  .16 

—  .09 

+  60.7 

10 

—  .23 

—  .16 

4-  56.  4 

7 

—  .20 

—  .21 

+  51.1 

13 

—  .25 

—  .24 

+  45.6 

10 

—  .33 

—  .26 

4-  40.0 

11 

—  .09 

-  .26 

4-  33. 6 

5 

—  .26 

—  .26 

4-  27.2 

8 

—  .21 

—  .26 

4-  20.7 

7 

—  .40 

—  .26 

4-  14.5 

9 

—  .22 

—  .24 

4-8.6 

11 

—  .37 

—  .22 

4-  3.9 

5 

—  .19 

—  .16 

—  2.2 

6 

4-  .06 

—  .09 

—  8.6 

6 

+  -17 

4-  .01 

—  14.1 

3 

—  .14 

4-  .09 

With  m  =  4,  we  have: — 

E  =  ±  /7.137. 

The  weight  (on  the  adopted  scale)  from  this  value  of  E  is  4.8  As  the  fundamental 
and  circumpolar  etars  are,  without  doubt,  more  exactly  determined  than  others  at  Lei¬ 
den,  to  them  in  definitive  discussion,  is  assigned  weight  5.0,  and  to  all  others  weight 
4.0. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

Declination  limits. 

Declination  limits. 

-  30°  to  4  5° 

—  30°  to  +  40° 

—  30°  to  4-90° 

Mean  a 

7t' 

rd 

7 r' 

rd 

7T; 

rd 

7). 

// 

// 

// 

1 

1 

4  .46 

ii 

—  .05 

28 

—  .01 

3 

3 

—  .22 

4 

—  .24 

14 

—  .02 

5 

2 

4  .04 

14 

4-  .03 

29 

—  .03 

8 

-1-  .  08 

12 

-1-  .  11 

9 

2 

+  -17 

8 

4  .02 

14 

—  .03 

11 

2 

+  .07 

6 

—  .06 

26 

4  .01 

13 

2 

4  .08 

4 

4-  .03 

13 

—  .05 

15 

3 

—  .12 

11 

—  .05 

23 

—  .01 

17 

2 

—  .08 

22 

—  .01 

39 

—  .05 

19 

4 

4  .19 

16 

4  .14 

32 

4  .07 

21 

(1 

4-  .08 

16 

4- .  ii 

35 

+  .03 

23 

4 

4  .34 

12 

4-  .07 

20 

4  .06 

Me  G8. 

Residuals  in  order  of  declination. 


Mean  ti 

7T7 

r0 

C0 

0 

// 

// 

4  49.0 

2 

[+  1.8] 

4  1.2 

e  2 

4  45.8 

11 

+ 

1. 1 

4 

1.0 

e. 

4  38.6 

12 

4 

.63 

4 

.61 

4  32.  3 

16 

4 

.47 

4 

.23 

4  27.4 

36 

+ 

.06 

4 

.01 

4  21.  1 

40 

.06 

.  14 

4  14.6 

44 

— 

.46 

— 

.15 

4  8.8 

50 

— 

.03 

— 

.  15 

4  4.4 

29 

— 

.12 

— 

.  15 

—  1.3 

39 

— 

.09 

— 

.  17 

—  8.6 

30 

— - 

.24 

— 

.20 

—  14.4 

17 

— 

.41 

— 

.25 

—  18.8 

13 

— 

.06 

— 

.29 

—  22.  6 

16 

— 

.45 

— 

.31 

—  28. 1 

17 

— 

.33 

— 

.34 

—  34.8 

2 

_ 

.27 

- 

.38 

—  42. 1 

3 

— 

.48 

— 

.39 

—  50. 1 

2 

4 

.09 

— 

.34 

—  59.  2 

7 

.36 

— 

.23 

—  75.  1 

3 

— 

.05 

— 

.09 

With  m  =  o,  we  have : — 

E  =  A  ".47. 

Dr.  Gylden  found,  from  the  results  of  lSG3-’o : — 

*  E  =  J (0.2G)2  +  I  \  0.2G3  +  0.04G7  *j 

This  would  give  nearly  i  ".G  as  the  probable  error  corresponding  to  E  above. 

As  it  is  probable  that  in  later  work  the  accuracy  of  observation  improved,  the 
value  for  E ,  ±  "47,  is  adhered  to. 


y.  J.  S.,  13<1.  IV,  S.  102. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

+  5°  to— 30° 

Decliuation  limits. 
+  5°  to  +  30° 

Declination  limits. 
—  30°  to  -f  40° 

Mean  a 

7T/ 

r0' 

7T7 

7 

/ 

0 

7t' 

? 

/ 

0 

h. 

/ 

// 

// 

1 

8 

+  • 

05 

24 

+ 

.  15 

32 

+ 

.11 

3 

12 

10 

8 

+ 

.  15 

20 

.00 

5 

1G 

+  • 

10 

24 

.00 

40 

+ 

.04 

7 

10 

15 

16 

+ 

.50 

26 

.03 

9 

4 

-  . 

30 

12 

+ 

.20 

16 

+ 

.07 

11 

9 

12 

20 

.10 

29 

.03 

13 

22 

-  , 

02 

8 

— 

.  10 

30 

— 

.04 

15 

20 

+  . 

25 

20 

— 

.02 

40 

— 

.12 

17 

10 

+  . 

15 

20 

— 

.14 

30 

— 

.04 

19 

10 

-  , 

10 

26 

.00 

3.6 

— 

.03 

21 

13 

-  , 

19 

27 

+ 

.06 

30 

— 

.03 

23 

18 

+  • 

02 

12 

.43 

30 

— 

.16 

For  further  remarks  see  Section  V.,  comparison  of  Me  08  and  Wn  08. 

Wn  08. 

The  -weights  are  adopted  from  the  discussion  in  Section  V. 


Residuals  in  order  of  declination. 


Mean  <5 

P 

»'o 

C0 

o 

// 

// 

”1“ 

87.0 

405 

+ 

.04 

+ 

.01 

+ 

76.5 

181 

.02 

+ 

.08 

+ 

70.7 

172 

+ 

.  15 

+ 

.  14 

66.7 

124 

+ 

.10 

4- 

.18 

62. 1 

79 

+ 

.34 

+ 

.24 

+ 

55.3 

G6 

+ 

.23 

+ 

.32 

+ 

50.4 

155 

.42 

4* 

.35 

+ 

45.7 

84 

+ 

.35 

+ 

.39 

+ 

39.1 

247 

+ 

.36 

+ 

.43 

+ 

33.  2 

78 

+ 

.41 

+ 

.46 

+ 

27.6 

406 

+ 

.43 

+ 

.48 

+ 

21.1 

399 

+ 

.51 

+ 

.52 

14.5 

440 

+ 

.50 

+ 

.56 

+ 

8.9 

526 

+ 

.69 

4- 

.57 

“4“ 

4.2 

220 

4- 

.45 

+ 

.58 

1.3 

336 

+ 

.76 

+ 

.59 

— 

8.7 

311 

+ 

.47 

+ 

.60 

— 

14.1 

125 

+ 

.57 

+ 

.62 

— 

19.1 

08 

+ 

.54 

+ 

.69 

— 

22.5 

109 

+ 

.64 

+ 

.75 

— 

27.8 

107 

+ 

.95 

+ 

.88 

The  values  of  r0  would  have  been  very  well  represented  by  the  correction  derived 
in  Section  Y.  from  a  comparison  of  Wn  08  and  Me  08. 

I  find : — 

E  =  ±  "91. 

The  weights  were  constructed  on  a  unit  whose  probable  error  was  supposed  to  be 
A  1".00.  The  latter  value  for  E  is  adopted. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30°  to  +  5° 

Declination  limits. 
—  30°  to  +  40° 

Declination  limits. 
+  40°  to  +  90° 

Declination  limits. 
—  30°  to  -f  90° 

Mean  a 

7 r 

rd 

7T/ 

r0' 

TV1 

rd 

7T ' 

rd 

h. 

H 

1/ 

// 

// 

1 

G2 

—  .23 

350 

—  .  05 

177 

.00 

527 

—  .03 

3 

94 

—  .56 

162 

—  .18 

24 

+  .54 

186 

—  .08 

5 

85 

+  .07 

307 

—  .02 

35 

—  .13 

342 

—  .03 

7 

()2 

+  -17 

259 

-f  .03 

90 

+  .16 

349 

+  .07 

9 

39 

—  .08 

236 

+  .14 

49 

—  .30 

285 

4-  .06 

11 

94 

+  .18 

327 

4-  .07 

97 

—  .04 

424 

+  .05 

13 

193 

-  .12 

283 

—  .06 

118 

—  .  14 

401 

—  .09 

15 

130 

+  .02 

351 

+  .01 

181 

—  .02 

532 

.00 

17 

08 

+  .19 

251 

+  .05 

136 

.00 

387 

+  .04 

19 

101 

—  .16 

296 

—  .21 

113 

+  .12 

409 

—  .12 

21 

129 

—  .12 

238 

—  .13 

219 

+  .18 

457 

+  .01 

23 

135 

+  -14 

237 

+  .11 

140 

+  .13 

377 

+  .12 

Gh  70. 


Residuals  in  order  of  declination. 


Mean  S 

7 r7 

r0 

C0 

Form. 

o 

+  86.6 

48 

it 

—  .15 

n 

—  .06 

// 

—  .05 

£  =  3 

e . 

+  76.4 

42 

—  .51 

—  .19 

—  .  19 

+  70.6 

59 

-  .09 

—  .24 

—  .24 

-f  66.4 

31 

—  .04 

—  .29 

—  .26 

+  61. 1 

89 

—  .31 

—  .3 

—  .28 

+  56.6 

36 

—  .91 

—  .36 

—  .28 

+  51. 1 

71 

—  .40 

—  .39 

—  .28 

+  45.  6 

61 

—  .29 

—  .41 

—  .28 

4-  39.8 

82 

—  .55 

—  .42 

—  .29 

4-  52.  9 

61 

—  .42 

—  .40 

—  .32 

4-  27.3 

87 

—  .32 

—  .35 

—  .36 

4  21. 1 

96 

—  .21 

—  .33 

—  .43 

+  14.6 

97 

—  .41 

—  .41 

—  .54 

+  8.9 

126 

—  .  55 

—  .54 

—  .64 

4-  4.3 

51 

—  .67 

—  .69 

—  .75 

—  1.7 

73 

— 1. 15 

—  .87 

—  .88 

—  8.7 

52 

—1. 15 

—1. 15 

—1.05 

—  14. 1 

19 

—1.05 

—1.38 

—1.16 

—  18.6 

15 

—1.  61 

—1. 60 

—1.25 

—  22. 6 

20 

—1.28 

—1.80 

— 1.  32 

—  27.8 

19 

—2.11 

—2. 1 

—1.4 

The  preliminary  correction  —  I'M?  (sin  3z  -j-  sin  V)  found  from  the  fundamental 
and  circumpolar  stars  is  unusual;  column  “  Form ”  is  therelore  computed  from  it  in 
order  to  show  its  general  agreement  with  the  definitive  curve.  A  slight  increase  of 
the  coefficient  would  make  the  agreement  better. 

With  m  =  5,  we  have: — 

E  =  A  "58. 

This  increase  over  the  values  of  E  found  for  Gh  57  and  Gh  04  is  most  likely  due 
to  the  error  in  microscope  micrometers,  lately  discovered  at  Greenwich. 
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Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  30  to  +  5° 

Declination  l.mits. 
—  30°  to  +  40° 

Declination  limits. 
—  30°  to  -f  90° 

Mean  a 

7 r' 

»o' 

7T7 

ro 

7T7 

rd 

h. 

// 

// 

// 

1 

11 

— 

.02 

74 

+ 

.01 

146 

—  .03 

3 

11 

+ 

.53 

33 

+ 

.23 

46 

+  -17 

5 

24 

+ 

11 

70 

.04 

111 

+  .02 

7 

5 

+ 

.88 

05 

- - 

.09 

74 

—  .08 

9 

7 

.20 

55 

+ 

.02 

82 

—  .01 

11 

17 

— 

.  14 

60 

4" 

.01 

121 

—  .14 

13 

33 

— 

.18 

49 

.02 

•  84 

—  .08 

15 

32 

.00 

78 

+ 

.01 

128 

—  .13 

17 

15 

— 

.  17 

72 

.05 

133 

+  .05 

19 

23 

+ 

.40 

84 

+ 

.09 

116 

+  -11 

21 

18 

+ 

.02 

64 

.03 

129 

.00 

23 

29 

.33 

59 

— 

.26 

84 

—  .14 

Re  72. 


The  corrections  for  this  series  of  annual  catalogues  are  determined  in  the  came 
manner  as  those  for  Re  6G. 


Residuals  in  order  of  declination. 


Mean  <5 

Re  70. 

Re  71. 

Re  72. 

Re  73. 

»0 

7 

r» 

7T7 

r0 

k' 

9° 

o 

+  87 

36 

It 

+  .21 

31 

n 

+  .27 

36 

// 

+  .21 

34 

// 

-f-  .20 

+  76 

22 

—  .06 

19 

+  .26 

20 

+  .30 

21 

+  .63 

+  70 

32 

+  .31 

32 

+  .38 

33 

+  .46 

30 

+  .52 

+  65 

15 

+  .22 

16 

+  .97 

19 

+  .79 

15 

+  .85 

+  62 

45 

—  .10 

46 

+  .38 

46 

+  .40 

28 

+  .71 

+  56 

38 

+  .33 

39 

+  .58 

40 

+  .92 

39 

+1.09 

+  51 

35 

+  .09 

28 

+  .45 

33 

+  .42 

27 

+  .39 

+  45 

30 

+  .25 

21 

—  .01 

19 

+  .42 

17 

+  .59 

-|-  39 

28 

—  .29 

21 

+  .29 

26 

+  .17 

27 

+  .08 

+  32 

31 

—  .66 

20 

—  .23 

20 

—  .29 

29 

—  .04 

+  27 

53 

—  .68 

60 

—  .29 

56 

—  .22 

53 

—  .35 

+  21 

43 

—  .56 

44 

—  .11 

48 

—  .02 

38 

+  -17 

+  15 

51 

—  .04 

51 

+  -17 

55 

+  .33 

59 

+  .22 

+  9 

60 

+  .45 

60 

+  .48 

54 

+  .46 

60 

+  .31 

+  4 

22 

—  .11 

22 

+  .25 

24 

+  .23 

19 

—  .33 

—  1 

26 

—  .  15 

30 

+  .14 

28 

+  .37 

31 

+  .07 

—  8 

25 

—  .46 

22 

—  •.04 

22 

+  .  13 

18 

—  .97 

—  14 

11 

—  .90 

9 

+  .04 

10 

+  .15 

10 

—  .12 

—  19 

5 

—1.04 

6 

—  .70 

3 

+  .17 

7 

+  .02 

—  22 

6 

—  .15 

7 

+  .30 

9 

—  .32 

5 

—1.56 

—  28 

8 

—1.65 

6 

—  .38 

6 

—  .40 

9 

+  .  12 

We  have 


E=±  "9. 


±  1+00  is  adopted,  as  previously  explained. 
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Residuals  in  order  of  right  ascension. 


Mean  a 

Ee  70. 

Ee  71. 

Ee  72. 

Ee  73. 

Ee  62-73. 

7 1' 

r0' 

7 t' 

rd 

7I7 

rd 

7C1 

rd 

rd 

li. 

1 

07 

n 

+  .03 

04 

// 

—  .93 

58 

+  "55 

59 

// 

+  .46 

u 

4-  .10 

3 

25 

+  .03 

17 

+  .49 

20 

+  .37 

22 

+  .37 

+  .01 

5 

46 

+  .55 

35 

+  .37 

38 

—  .  14 

41 

+  .40 

+  .19 

7 

32 

—  .28 

43 

—  .05 

41 

—  .  15 

27 

+  .09 

—  .07 

9 

29 

—  .21 

32 

+  .24 

30 

+  .  15 

26 

+  .23 

+  .03 

11 

00 

—  .09 

57 

—  .  17 

48 

—  .21 

59 

+  .04 

—  .04 

13 

36 

—  .  14 

52 

—  .02 

45 

+  .06 

35 

—  .09 

+  .04 

15 

07 

—  .27 

76 

+  .03 

06 

—  .24 

69 

-  .08 

—  .01 

17 

71 

—  .20 

55 

+  .05 

65 

—  .07 

59 

—  .46 

—  .12 

19 

69 

+  .33 

56 

—  .23 

70 

—  .  15 

72 

—  .45 

—  .12 

21 

75 

+  .  14 

59 

—  .08 

76 

—  .04 

67 

—  .02 

.00 

23 

39 

—  .09 

44 

+  .06 

42 

+  .60 

36 

—  .01 

+  .16 

Eor  Re  73  there  is  an  apparently  well-marked  correction  depending  on  a;  but  as 
it  is  not  supported  by  the  results  of  other  years,  I  have  thought  it  best  to  omit  the 
discussion. 

Wn  72. 

The  residuals  are  computed  from  the  standard  places  for  each  year.  In  the  dis¬ 
cussion,  —  =  3  is  assumed, 
e/ 

Residuals  in  order  of  declination 


DECLINATION  SUB  POLO. 


Wn  70. 

Wn 

71- 

2. 

Wn  73. 

Wn  74 

* 

IVltfciLl  O 

tt' 

r0 

Co 

rrJ 

r0 

Co 

7 TX 

r0 

Co 

7 r' 

r0 

Co 

O 

U 

1/ 

It 

// 

n 

// 

// 

08 

5 

_ 

10 

00 

9 

_ 

03 

00 

8 

—  .25 

+  .5 

75 

14 

+ 

57 

00 

12 

+ 

00 

00 

7 

— 

30 

00 

19 

+  .36 

+  .38 

87 

21 

4- 

07 

00 

35 

+ 

24 

00 

27 

00 

00 

34 

+  .76 

+  .21 

ABOVE  POLE. 

+  87 

27 

+  • 

12 

00 

36 

39 

00 

29 

+ 

20 

00 

33 

—  .24 

—  .21 

-j-  76 

16 

+ 

14 

00 

8 

+ 

34 

00 

4 

4- 

20 

+ 

02 

18 

—  .35 

—  .26 

+  70 

12 

56 

CO 

9 

03 

00 

6 

29 

+ 

04 

14 

—  .19 

—  .33 

+  05 

22 

-  . 

09 

00 

23 

+  . 

15 

00 

10 

+  . 

31 

+ 

07 

31 

—  .48 

—  .41 

4-  56 

5 

+ 

02 

00 

2 

+  1. 

19 

—  .04 

7 

16 

4- 

13 

10 

—  .72 

—  .55 

+  50 

25 

— 

45 

—  .06 

24 

04 

—  .  10 

13 

+  • 

36 

+ 

18 

24 

-  .45 

—  .  62 

4-  46 

15 

— 

45 

—  .08 

18 

+  • 

09 

—  .  15 

16 

15 

+ 

23 

20 

—  .72 

—  .07 

4-  39 

29 

4-  • 

00 

—  .  11 

32 

25 

—  .23 

32 

4-  • 

38 

“j- 

32 

44 

—  .76 

—  .74 

4  33 

9 

-  . 

18 

—  .13 

13 

-  . 

60 

—  .28 

13 

4-  • 

15 

4 

41 

15 

—  .58 

—  .79 

4-  27 

54 

-  . 

14 

—  .  15 

09 

— 

35 

—  .31 

51 

4-  • 

49 

49 

63 

—  .91 

—  .82 

+  21 

56 

. 

00 

—  .  16 

71 

-  . 

27 

—  .34 

56 

4- 

56 

+ 

63 

72 

—  .85 

—  .84 

4-  14 

41 

-  . 

36 

—  .  16 

76 

-  . 

53 

—  .33 

58 

+ 

CO 

+ 

56 

73 

—  .69 

—  .81 

+  9 

07 

-  . 

27 

—  .  16 

9 

-  . 

26 

—  .32 

63 

+  . 

48 

+ 

57 

95 

—  .64 

—  .76 

+  4 

29 

+  • 

19 

—  .  14 

39 

-  . 

06 

—  .31 

33 

+  . 

81 

+ 

59 

43 

—  .87 

—  .76 

—  1 

46 

4-  • 

02 

—  .09 

56 

-  . 

29 

—  .30 

37 

+  . 

51 

4- 

63 

46 

—  .74 

—  .83 

—  8.5 

37 

+  • 

08 

—  .02 

60 

-  . 

49 

—  .28 

49 

4-  • 

79 

+ 

75 

50 

—  1.09 

—  .86 

—  14 

16 

+  • 

04 

00 

23 

-  . 

09 

—  .25 

16 

+  . 

86 

4” 

84 

20 

—  1.  18 

—  .78 

—  19 

6 

-  . 

59 

00 

11 

-  . 

43 

—  .23 

8 

+  L 

57 

4- 

92 

12 

—  .36 

—  .07 

—  22 

14 

+  • 

41 

00 

13 

-  . 

24 

—  .22 

12 

+  1.81 

4- 

98 

16 

—  .78 

—  .00 

—  28 

13 

-  . 

24 

00 

15 

-  . 

09 

-  .20 

11 

4- 

52 

+ 1- 

1 

18 

—  .32 

—  .45 

—  34 

1 

—  1. 

3 

2 

+  • 

6 

2 

+  1-1 

See  explanation,  p.  157. 
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The  probable  error  is  derived  by  comparing  the  corrected  residuals  (collected  as 
one  tor  each  star)  with  the  standard  AS'. 

With  m  =  1,  we  have: — 

E=±  ".84, 

Taking  e  as  found  in  Section  V.,  and  e,  as  found  for  Wn  08  in  the  same  section,  we 
have: — 

E  =  ±  V(.10)2+  (.25 f  =  ±  ".74. 

The  agreement  is  far  from  satisfactory.  The  former  result,  ±  ".84,  is  adopted. 

The  combined  results  of  all  the  years  are  nest  arranged  in  order  of  right  ascen¬ 
sion. 


Residuals  in  order  of  right  ascension. 


Declination 

limits. 

Declination  li 

mits. 

Declination  limits. 

Declination  1 

mits. 

-30°  to  -f-  5° 

+  5° 

to  -f  40° 

-f  40°  to  + 

90° 

—  30°  to  + 

90° 

Mean  a 

7T7 

rd 

7 r' 

7 

/ 

0 

7T* 

7 

/ 

0 

t r' 

7 

I 

0 

h. 

II 

II 

II 

// 

1 

39 

+  - 

34 

162 

+ 

.16 

88 

+ 

.37 

289 

+ 

.25 

3 

15 

4*  * 

08 

40 

.18 

35 

.07 

90 

.  10 

5 

G4 

35 

109 

.23 

24 

+ 

.25 

197 

+ 

.04 

7 

33 

+  . 

15 

119 

+ 

.05 

42 

.36 

194 

.02 

9 

20 

13 

88 

.14 

19 

— 

.08 

127 

— 

.13 

11 

58 

16 

131 

— 

.09 

36 

— 

.57 

225 

— 

.18 

13 

119 

-  , 

05 

53 

“1“ 

.23 

60 

.  12 

232 

+ 

.06 

15 

87 

+  • 

08 

121 

+ 

.16 

100 

+ 

.01 

308 

+ 

.09 

17 

33 

05 

113 

.29 

80 

+ 

.03 

226 

.14 

19 

64 

+  • 

01 

148 

+ 

.01 

70 

.02 

282 

+ 

.00 

21 

68 

44 

62 

.  10 

111 

— 

.  14 

241 

— 

.22 

23 

69 

+  • 

05 

51 

+ 

.39 

27 

— 

.  17 

147 

+ 

.13 

As  shown  under  Wn  68,  the  correction  in  order  of  A.  E.  found  for  the  declina¬ 
tions  of  the  mural  circle  is  peculiar  to  that  instrument  or  observing- room  alone. 

The  following  tables  exhibit  the  results  deduced  for  systematic  correction  and 
weight  of  the  various  catalogues. 
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Table  IX. — Corrections  to  declinations. 
ORDER  OF  DECLINATION. 


<5 

Po  1800.* ** 

Bh  1810. 

r-4 

C* 

tc 

M 

rd 

O 

■*rf 

Ol 

•*3 

fi 

C5 

Oi 

►> 

Ao  29. 

Gh  30. 

C.G.H.31.  ! 

* 

*  . 
rH 

CC 

Xfl 

C.  G.  H.  33. 

6 

-T 

CO 

*■— ( 

Eh  37. 

6 

o 

II 

ll 

// 

1/ 

II 

II 

II 

// 

// 

// 

// 

II 

// 

0 

-4-90 

00 

00 

00 

00 

00 

+  .  10 

00 

19 

+90 

+85 

00 

+.14 

+.  08 

.... 

— .  05 

00 

+  .12 

00 

—.22 

+85 

+80 

00 

+.  29 

+.06 

.... 

— .  12 

00 

+  .15 

00 

— .  22 

+80 

_j_75 

00 

+  38 

+.  10 

— .  17 

+.40 

00 

+  .15 

—  .04 

— .  28 

— .  23 

+75 

-1-70 

00 

-1-  30 

+.  13 

—.21 

+.  40 

00 

+  .  13 

—  .  14 

— .  38 

— .  23 

+70 

+  05 

00 

+.  14 

+.16 

.... 

—.24 

+.40 

00 

+  .08 

[+1.30] 

—  .27 

—.46 

—.22 

+65 

+00 

00 

— .  02 

+.  18 

— .  26 

+.40 

00 

00 

+1.30 

. 

—  .42 

— .  52 

—.20 

+60 

+55 

—  .05 

—.01 

+.  16 

.... 

—.27 

+.38 

00 

—  .12 

..... 

+1.30 

_ _ 

—  .57 

—.60 

—.18 

+55 

+50 

—  .20 

+.  12 

+.13 

.... 

— .  25 

+.31 

— .  02 

—  .31 

. 

+1.30 

—2.  00 

—  .70 

-.62 

— .  16 

+50 

+45 

—  .50 

+.10 

+.09 

— .  22 

+.24 

—.07 

—  .54 

+1.30 

—1.10 

—  .78 

— .  60 

— .  15 

+45 

+40 

—1.00 

.00 

+.06 

ob 

— .  19 

+.  17 

— .  13 

—  .76 

...  . 

+  1.30 

—  .34 

—  .83 

— .  54 

—.16 

+40 

+35 

—1.40 

+.  06 

00 

— .  15 

+.07 

-.16 

—  .95 

+1.30 

+  .20 

—  .84 

-.38 

— .  17 

+‘35 

+30 

—1.40 

+.06 

00 

—.13 

—.03 

— .  22 

—1.12 

+1.30 

+  .52 

—  .80 

—.14 

—.20 

+30 

+25 

—1.20 

..... 

+.  07 

00 

— .  12 

— .  16 

— .  25 

—1. 24 

..... 

+1.  30 

+  .57 

—  .70 

+.  17 

—.21 

+25 

+20 

—1.40 

+.10 

00 

— .  15 

—.20 

— .  29 

—1. 30 

. 

+1.30 

+  .43 

—  .54 

+.  32 

— .  17 

+20 

+15 

—1.85 

+.13 

00 

—.21 

—.17 

—.32 

—1.31 

+1.30 

+  .14 

—  .40 

+.47 

— .  05 

+15 

+  10 

—1.  00 

+.16 

00 

—.29 

—.14 

—.36 

—1.  31 

+.  35 

+1.28 

—  .06 

—  .35 

+.50 

+.  04 

+  10 

+  5 

—1.10 

+.19 

00 

—.38 

— .  10 

— .  43 

—1.33 

+.  35 

+1.22 

—  .  14 

—  .38 

+.  50 

00 

+05 

±  o 

—1.50 

+.25 

00 

— .  49 

— .  07 

-.  52 

—1.37 

+.35 

+1. 17 

—  .  14 

—  .47 

+.41 

— .  15 

0 

—  5 

—2. 15 

..... 

+.33 

00 

—.60 

— .  03 

—.60 

—1.49 

+.35 

+1.09 

—  .04 

—  .60 

+.  30 

—.24 

—  5 

—10 

—2. 20 

. 

+.43 

00 

— .  72 

00 

— .  68 

—  1.  68 

+.  35 

+  .96 

+  .16 

—  .74 

+.  14 

—.27 

—10 

—15 

—1.70 

+.55 

00 

—.84 

— .  70 

—1.97 

+.35 

+  .84 

+  .46 

—  .88 

— .  03 

—.25 

—15 

—20 

—1. 15 

..... 

+.  67 

00 

— .  96 

-.70 

—2.  50 

+.  35 

+  .70 

+  .  71 

—  .98 

— .  20 

— .  15 

—20 

—25 

—1.00 

+.78 

00 

—2.  85 

+.  35 

+  .62 

+  .88 

—  1.  00 

—.40 

00 

—25 

—30 

—  1.00 

+.90 

—2.  95 

+.32 

+  .60 

+  .90 

—1.00 

+.2 

—30 

—35 

—  1.00 

+.  17 

+  .60 

+  .71 

—35 

—40 

— 1.00 

00 

+  .60 

+  .47 

—40 

—50 

00 

+  .60 

+  .  10 

—50 

—00 

00 

+  .50 

_j_  .00 

—60 

—70 

00 

+  .40 

—  .  08 

—70 

—80 

00 

+  .30 

—  .  10 

—80 

—90 

00 

+  .20 

.00 

—90 

*  This  correction  is  subsequently  revised  with  the  definitive  A<5  and  A^'. 

t  Dollen’s  reduction. 

t  A  small  minus  correction  deduced. 

||  This  correction  is  considered  as  applicable  to  Dt  30,  after  “  corrcciiones  ultima;”  (p.  357,  Struve’s 
Pos.  Med.)  have  been  added. 

**  The  correction  for  S  II  31  is  applicable  directly  to  the  catalogue  results  as  reduced  with  Young’s 
refractions. 

ttFor  the  years  1833  and  1834  corrections  must  be  applied  for  defective  reading  of  barometer  (see 
Cambridge  Observations,  1835).  To  get  actual  corrections  to  catalogue  results  for  those  years,  the  effect 
of  this  correction  must  bo  added  to  the  above. 
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Table  IX.—  Corrections  to  declinations — Continued. 

ORDER  OF  DECLINATION. 


<5 

QO 

cc 

w 

Gh  39. 

rt< 

CD 

O 

T 

< 

co 

fee 

M 

CO 

"31 

rd 

w 

Gh  45. 

Pa  45. 

Re  45. 

N 

d 

fs 

OO 

<D 

O 

Gh  51. 

v— 1 

0 

CZ2 

Ps  53. 

<5 

o 

// 

II 

// 

II 

a 

II 

II 

u 

II 

II 

II 

// 

// 

II 

O 

+90 

00 

00 

01 

00 

00 

00 

00 

00 

+.  1( 

0( 

— .  12 

00 

'  4-90 

+85 

.10 

+  .01 

00 

+  .  10 

00 

00 

00 

+.  25 

+.  14 

00 

—.13 

+.08 

+85 

+80 

— 

.20 

+  .03 

00 

+  .20 

00 

00 

00 

+.50 

+.  15 

00 

— .  13 

. 

+.  14 

+80 

+75 

— 

.27 

+  .05 

00 

+  .20 

00 

+.02 

00 

+.  66 

+.  14 

00 

— .  14 

+.21 

+75 

+70 

— 

.33 

+  .08 

— .  07 

+  .20 

00 

+.04 

+  .06 

+.  6( 

+.  10 

00 

— .  15 

.... 

+.  26 

+70 

+65 

— 

.36 

+  .09 

— .  18 

+  .  2C 

—.02 

+.  06 

+  .12 

+.  42 

+.  06 

— .  10 

— .  1< 

+.  28 

+65 

+60 

_ 

.  15 

+  .10 

— .  32 

+  .16 

— .  05 

+.  08 

+  .18 

+.28 

— .  02 

— .  26 

•— .  18 

+.29 

+60 

+55 

+ 

.  10 

+  .11 

—.43 

00 

+.  30 

-.08 

+.06 

+  .23 

+.10 

— .  05 

—.42 

— .  20 

, . , ... 

+.27 

+55 

+50  + 

.23 

+  .12 

— .  54 

—  .35 

+.29 

—.08 

+.  00 

+  .26 

— .  07 

— .  05 

—.57 

—.21 

. 

+.  22 

+50 

+45 

+ 

.30 

+  .12 

— .  65 

—  .75 

+.27 

—.06 

— .  04 

+  .30 

— .  20 

— .  05 

— .  69 

—.20 

+.  18 

+45 

+40 

+ 

.22 

+  .13 

— .  75 

—  .81 

+.2G 

— .  03 

— .  02 

+  .33 

—.34 

— .  05 

—.81 

— .  16 

+  .40 

+.  12 

+40 

+35 

+ 

.  11 

+  .14 

— .  83 

—  .  63 

+.24 

00 

+.  05 

+  .35 

— .  48 

—.05 

—.87 

— .  08 

+  .53 

+.  07 

+35 

+30 

+ 

.08 

+  .15 

— .  88 

—  .42 

+.  23 

+.  05 

+.12 

+  .37 

— .  56 

—.08 

— .  84 

+.  02 

+  .68 

+.01 

+30 

+25 

.09 

+  .  17 

— .  90 

—  .25 

+.21 

+.  12 

+.15 

+  .38 

— .  60 

— .  14 

— .  65 

+.  10 

+  .80 

—.06 

+25 

+20 

+ 

.  15 

+  .19 

— .  80 

—  .27 

+.  20 

+.  19 

+.14 

+  .  39 

— .  59 

—.21 

— .  33 

+.17 

+  .90 

— .  12 

+20 

+15 

~r 

.25 

+  .23 

— .  60 

—  .47 

+.1' 

+.27 

+.  10 

+  -41 

— .  45 

— .  29 

— .  10 

+.18 

+  .99 

— .  18 

+  15 

+10 

+ 

.41 

+  .28 

— .  46 

—  .74 

+.  10 

+.34 

+.  05 

+  .44 

— .  20 

—.34 

— .  05 

+.  16 

+  1.04 

— .  26 

+  10 

+  5 

+ 

.56 

+  .34 

— .  50 

—1.04 

+.13 

+.  36 

+.  05 

+  .46 

+.  04 

—.35 

— .  05 

+.11 

+  1.08 

— .  33 

+  5 

±  o 

+ 

.73 

+  .41 

— .  62 

— 1.  20 

+.  10 

+.34 

+.08 

+  .49 

+.  26 

—.34 

— .  07 

+.04 

+1. 11 

— .  37 

+  0 

—  5 

+ 

.92+  .49 

—.70 

—1.24 

+.  06 

+.  25 

+.  12 

+  .53 

+.44 

—.31 

— .  11 

00 

+1.13 

— .  36 

—  5 

—10 

+  1. 13 

+  .59 

—.70 

— 1. 11 

00 

+.13 

+.  15 

+  .59 

+.51 

—.27 

— .  13 

00 

+1. 12 

—.30 

—10 

—  15 

+1.34 

+  .70 

— .  68 

—  .87 

+.02 

+.  18 

+  .68 

+.  47 

— .  23 

—.12 

+.  05 

+1.09 

— .  19 

—15 

—20 

+1.55 

+  .83 

— .  55 

—  .48 

..... 

— .  08 

+.  22 

+  .84 

+.  33 

— .  18 

— .  08 

+.13 

+  1.06 

— .  02 

20 

—25 

+ 

.77 

+  .97 

—.4 

— .  15 

+.  26 

C+1.1J 

+.  16 

— .  11 

— .  04 

+.  20 

+1.  02 

+.27 

—25 

—30 

+2.  00 

+1. 10 

—.3 

. 

. 

—.21 

+.  30 

. 

00 

-.03 

00 

+.24 

+  .99 

+•7 

—30 

—35 

4.  95 

—35 

—40 

+  .92 

—40 

—50 

+  .85 

—50 

—60 

+  .  63 

—60 

—70 

+  .  38 

—70 

—80 

+  .19 

—80 

—90 

±  00 

—90 

*To  the  declinations  of  years  1836  and  1837  — ".09  was  added  before  deriving  the  above. 

t  Applicable  to  declinations  as  reduced  in  this  paper  (pp.  27  to  32). 

t  To  declinations  of  Wn  1845,  — ".25  was  first  added  for  error  of  assumed  latitude,  before  deriving 
the  above  table. 

||  The  correction  —  ".43  was  first  applied  to  all  declinations  on  the  authority  of  latitude  discussion 
made  in  this  paper  (p.  26).  The  true  correction  to  catalogue-places  is  therefore — ".43+ values  taken 
from  the  above  table  for  Ce  48. 
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Table  IX. — Corrections  to  declinations — Continued 
ORDER  OF  DECLINATION. 


6 

VO 

o 

o 

02 

O 

vO 

1 

CO 

VO 

CD 

o 

vO 

CD 

CO 

VO 

o 

O 

o 

5 

OD 

o 

d 

d 

00 

o 

o 

CO 

►—1 

o 

© 

§ 

o 

d 

O 

// 

// 

// 

// 

// 

// 

// 

// 

// 

II 

1/ 

// 

// 

o 

+90 

— .  15 

—.35 

+.22 

—  .20 

00 

+.  30 

—.20 

+  .20 

+.08 

00 

+90 

+85 

—.05 

— .  30 

+.26 

—  .23 

+.02 

+.44 

— .  19 

+.26 

+.11 

00 

+85 

+80 

+.  05 

—.25 

+.  30 

—  .26 

+.05 

+.56 

— .  16 

+.32 

+.  12 

00 

+80 

+75 

+.  12 

—.20 

+.31 

—  .31 

+.09 

+.  66 

— .  10 

+.38 

+.  11 

00 

+70 

+.  17 

— .  15 

+.31 

—  .36 

+.  15 

+.73 

—.04 

+.40 

+.  08 

00 

-4-70 

+65 

+.  18 

—.12 

+.30 

—  .44 

+.21 

+.70 

+.  01 

+.39 

+.05 

00 

+65 

+60 

+.  16 

— .  10 

+.22 

—  .55 

+.23 

+.60 

+.  04 

+.26 

+.02 

00 

+60 

+.  13 

— .  09 

+.  07 

+.21 

+.  46 

+.  07 

+.  06 

— .  02 

00 

+50 

. 

+.10 

— .  11 

—.13 

—1. 12 

4-.  Id 

[-2.4] 

+.20 

+.  10 

— .  17 

. 

—.05 

00 

+50 

+45 

+.  05 

— .  15 

—.36 

—1.40 

+.  ii 

f— 1.  51 

— .  12 

+.  10 

—.29 

— .  09 

00 

-+45 

+40 

+.50 

00 

— .  20 

— .  52 

—1.45 

+.ii 

'—  .80 

— .  42 

+•  08 

— .  32 

+.50 

— .  13 

00 

+40 

+35 

+.50 

—.04 

—.24 

—.52 

—1.41 

+.15 

—  .30 

— .  65 

+.04 

— .  27 

+.46 

— .  18 

+.05 

+35 

+30 

+.  49 

— .  09 

— .  28 

— .  46 

—1.29 

+.  24 

—  .06 

— .  80 

00 

—.11 

+.  42 

— .  25 

+.10 

+30 

+25 

+.48 

— .  13 

—.33 

— .  37 

- 1. 12 

+.33 

—  .05 

—.74 

— .  06 

+.04 

+.39 

oo 
- -O.) 

+.  13 

]  25 

+20 

+.  44 

— .  18 

— .  35 

—.47 

—  .87 

+.37 

—  .10 

—.56 

— .  12 

+.  03 

+.38 

—.40 

+.  15 

+20 

+  15 

+.31 

— .  23 

— .  36 

— .  62 

—  .67 

+.38 

—  .15 

—.35 

— .  15 

— .  08 

+.  38 

— .  45 

+.12 

+15 

+10 

+.20 

—.26 

—.36 

—.70 

—  .  58 

+.35 

—  .  18 

— .  09 

—.19 

— .  10 

+.  52 

—.46 

+.07 

+  10 

+05 

+.  15 

—.27 

— .  35 

— .  75 

—  .  57 

+.28 

—  .20 

+.20 

— .  20 

-.  06 

+.71 

—.44 

—.02 

+05 

0 

+.27 

—.26 

—.34 

— .  68 

—  .  55 

+.20 

—  .23 

+.51 

— .  18 

— .  03 

+.  87 

—.40 

— .  09 

0 

—  O 

+.40 

—.23 

— .  30 

—.45 

—  .  53 

+.  15 

—  .26 

+.70 

— .  13 

00 

+.90 

— .  35 

— .  10 

—  5 

—10 

+.39 

— .  17 

— .  20 

— .  23 

—  .49 

+.21 

—  .2b 

+.79 

— .  04 

00 

+.  86 

—.28 

—.00 

—10 

—15 

+.12 

— .  10 

— .  05 

— .  20 

—  .  46 

+.26 

—  .20 

+.79 

+.10 

00 

“K  75 

—.19 

+.  14 

—15 

—20 

— .  07 

—.02 

+.14 

— .  23 

—  .42 

+.26 

—  .  15 

+  .68 

+-t 

00 

+  .63 

—  .10 

+.27 

—20 

-25 

— .  14 

+.06 

+.  35 

—.27 

—  .39 

+.  25 

—  .10 

+.40 

+.  aO 

00 

+.50 

00 

+.  40 

—25 

—30 

— .  02 

+.16 

+.  60 

— .  30 

[-  .35] 

C+.20] 

—  .05 

[+•10] 

+.70 

00 

+.44 

+.1C 

[+.  55] 

—30 

—35 

13 

_ _ _ 

00 

+.21 

—35 

—40 

+.27 

+  .05 

-|-  08 

40 

—50 

+.27 

+  15 

14 

50 

—60 

+.  11 

4-  .27 

20 

.go 

—70 

00 

+  .26 

20 

70 

—80 

00 

+  .  13 

08 

80 

—90 

00 

00 

00 

—90 

The  correction  for  error  of  assumed  latitude,  flexure,  division,  &c.,  given  in  the  introduction  to 
the  VS  illiamstown  catalogue,  must  also  be  applied.  The  true  correction  is,  therefore:  Correct  on  taken 
from  iutroduction  Me  62  +  correction  of  above  table. 

t  To  the  catalogue  declinations  from  direct  observations  above  pole  for  1861  and  1862  was  first 
added  the  correction 68  (+ ".63,  below  pole);  and  to  the  declinations  of  years  186:1-1865  +".47, 
according  as  the  declination  results  from  observations  above  or  below  the  pole.  The  actual  correction  is, 
therefore:  These  quantities  +  corrections  from  above  table. 
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Table  IX. — Corrections  to  declinations— Continued. 
ORDER  OF  DECLINATION. 


<5 

Ps  64. 

Bs  65. 

Ps  66. 

Bn  66. 

Lc  67. 

Ln  67. 

Me  68. 

* 

00 

CO 

0 

£ 

Gh  70. 

o 

i- 

a 

£ 

Wn  71-2. 

CO 

a 

& 

a 

£ 

<5 

o 

// 

// 

// 

It 

// 

// 

// 

// 

// 

u 

// 

u 

// 

o 

+1)0 

—  .20 

+.20 

—.20 

+.40 

4- 

.22 

00 

......  .. 

00 

00 

.00 

00 

00 

+.07 

+90 

+85 

—  .23 

+.26 

—.20 

+.41 

+ 

.47 

00 

+  .02 

—  .09 

.00 

00 

00 

— .  04 

+85 

+80 

—  .25 

+.32 

— .  20 

+.55 

+ 

.72 

00 

+  .05 

—  .  15 

.00 

00 

00 

— .  14 

+80 

+75 

—  .26 

+.38 

— .  20 

+.71 

+ 

.94 

—.01 

+  .10 

—  .20 

.00 

00 

+  .02 

—.24 

+75 

+70 

—  .27 

+.40 

— .  17 

+.71 

+1.00 

— .  05 

......  .. 

+  .  15 

—  .25 

.00 

00 

+  .04 

— .  33 

+70 

+65 

—  .27 

+.39 

—.11 

+.  54 

+ 

.90 

— .  10 

+  .20 

—  .30 

.00 

00 

+  .07 

—.41 

-p65 

+60 

—  .25 

+.  26 

—.01 

+.05 

4“ 

.70 

— .  17 

+  .26 

—  .34 

.00 

00 

+  .10 

— .  49 

+60 

+55 

—  .21 

+.  06 

00 

—.36 

+ 

.44 

— .  22 

......  .. 

+  .32 

—  .37 

—  .03 

— .  05 

+  .  14 

— .  56 

+55 

+50 

—  .  22 

— .  17 

—.01 

—.56 

+ 

.18 

—.25 

[+1.25] 

+  .36 

—  .40 

—  .06 

— .  10 

+  .18 

—.62 

+50 

+45 

—  .26 

—.29 

— .  07 

— .  60 

— 

.04 

—.26 

[+1.  00] 

+  .  39 

—  .41 

-  .09 

— .  16 

+  .24 

— .  68 

+45 

+40 

—  .30 

-.32 

— .  15 

—.57 

— 

.23 

—.2o 

[+  •  67] 

+  .42 

—  .42 

-  .  11 

—.22 

+  .30 

— .  73 

+40 

+35 

—  .30 

— .  27 

—.18 

—.50 

— 

.37 

—.26 

+  .48 

+  .45 

—  .42 

—  .  13 

—.26 

+  .38 

— .  77 

+35 

+30 

—  .22 

—.11 

— .  14 

— .  38 

— 

.47 

— .  26 

+  .11 

+  .47 

—  .37 

—  .14 

— .  30 

+  .46 

—.81 

+30 

+25 

—  .10 

+.04 

— .  06 

—.28 

— 

.54 

—.26 

—  .08 

+  .50 

—  .33 

—  .  15 

— .  33 

+  .51 

— .  83 

+25 

+20 

—  .05 

+.  03 

— .  06 

—.24 

— 

.55 

— .  26 

—  .15 

+  .53 

—  .33 

—  .16 

—.34 

+  .54 

— .  84 

+20 

+15 

—  .06 

—.08 

— .  15 

— .  20 

— 

.52 

— .  25 

—  .15 

+  .55 

—  .40 

—  .  16 

—.33 

+  .56 

—.82 

+10 

—  .  15 

—.10 

—.24 

— .  20 

— 

.47 

—.23 

—  .  15 

+  .57 

—  .52 

—  .  16 

—.32 

+  .57 

— .  76 

+10 

+05 

—  .22 

—.06 

— .  27 

—.25 

— 

.43 

— .  19 

—  .  15 

+  .58 

—  .65 

—  .  15 

— .  31 

+  .58 

— .  75 

+05 

0 

—  .23 

—.03 

— .  28 

— .  33 

— 

.43 

— .  12 

—  .16 

+  .59 

—  .80 

—  .  10 

—.30 

+  .  61 

—.82 

0 

—  5 

—  .  19 

00 

— .  24 

—.40 

— 

.43 

— .  05 

—  .18 

+  .59 

—1.00 

—  .  05 

— .  29 

+  .69 

— .  85 

—  5 

—10 

-  .10 

00 

— .  17 

— .  40 

— 

.43 

+.  03 

—  .21 

+  .60 

—1.20 

.00 

— .  27 

+  .77 

— .  86 

—10 

—15 

+  .07 

00 

—.07 

— .  40 

_ 

.39 

+.11 

—  .26 

+  .63 

—1.43 

00 

— .  25 

+  .86 

— .  70 

—15 

—20 

+  .35 

00 

+.07 

—.40 

— 

.30 

—  .30 

+  .70 

—1.66 

00 

— .  23 

+  .94 

— .  65 

—20 

— 25 

+  .66 

00 

+.25 

—.40 

— 

.18 

—  .32 

+  .80 

—1. 93 

00 

—.21 

+1.03 

— .  53 

—25 

—30 

+1.00 

00 

+.  48 

C— .40] 

— 

.05 

. 

—  .36 

+  .93 

1 - 1 

o 

(M 

oi 

i 

i _ i 

00 

— .  19 

+1.11 

— .  40 

—30 

—35 

+1.35 

+.75 

—  .38 

+1.09 

00 

— .  17 

— .  29 

—35 

—40 

—  .40 

—40 

—50 

—  .34 

—50 

—60 

—  .22 

—60 

—70 

—  .  12 

—70 

—80 

—  .05 

—80 

—90 

00 

—90 

"Applicable  to  declinations  derived  in  this  paper  (Section  V.). 

t  Applicable  to  declinations  of  annual  catalogues  after  correction,  as  explained  in  Section  V. 

|As  explained  elsewhere  the  correction,  -(-  ".82,  to  the  declinations  of  1874,  south  of  Wn.  zenith 
was  neglected  by  accident  for  stars  south  of  — 12°  declination,  and  the  error  discovered  too  late  to  be 
corrected  in  the  succeeding  results.  As  actually  used  in  making  up  the  definitive  Cn  of  the  final  dis- 
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Table  IX. — Corrections  to  declinations — Continued. 
RADCLIFFE  ANNUAL  CATALOGUES. 


<5 

62.* 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

& 

o 

// 

// 

// 

// 

// 

n 

// 

// 

// 

// 

// 

// 

o 

+90 

00 

00 

+.40 

+  .10 

+  .  74 

00 

+  .10 

00 

+  .10 

+.23 

+  •  1' 

.00 

+90 

+85 

—  .26 

—  .  17 

+.26 

+  .  2/ 

+1.  00 

00 

+  .15 

00 

+  .13 

+.27 

+.24 

+.21 

+85 

+80 

—  .48 

—  .34 

+.13 

+  .38 

+1. 26 

00 

+  .  18 

00 

+  .17 

+.31 

+.32 

+.39 

+30 

+75 

—  .66 

—  .50 

00 

+  .41 

+1.  43 

00 

+  .  19 

— .  03 

+  .19 

+.36 

+  .40 

+.52 

+75 

+70 

—  .86 

—  .63 

— .  13 

+  .40 

+1.50 

00 

+  .20 

— .  06 

+  .20 

+.40 

+.48 

+.67 

+70 

+65 

—1.03 

—  .73 

— .  26 

+  .31 

+1.41 

00 

+  .18 

— .  12 

+  .19 

+.42 

+.  50 

+.80 

+65 

+60 

—1.21 

—  .81 

— .  40 

+  .20 

+1.21 

00 

+  .13 

—.23 

+  -17 

+.44 

+.51 

+.86 

+60 

+55 

—1.36 

—  .87 

— .  55 

+  .08 

+  .96 

—  .10 

+  .08 

— .  30 

+  .12 

+.41 

+.49 

+.82 

+55 

+50 

—1.49 

—  .90 

—.70 

—  .03 

+  .60 

—  .22 

00 

— .  34 

+  .11 

+.35 

+.42 

+.70 

+50 

+45 

—1.  56 

—  .90 

— .  75 

—  .10 

+  .  47 

—  .37 

—  .06 

— .  32 

—  .01 

+.23 

+.33 

+.47 

+45 

+40 

—1.60 

—  .90 

— .  80 

—  .  14 

+  .20 

—  .46 

—  .10 

—.27 

—  .22 

+.  1C 

+.  15 

+.21 

+40 

+35 

— 1.  60 

—  .85 

—.74 

—  .18 

-  .02 

—  .48 

—  .09 

— .  28 

-  .50 

— .  10 

—.07 

— .  02 

+35 

+30 

—1.52 

—  .85 

— .  62 

—  .18 

—  .  14 

—  .47 

+  .03 

— .  28 

—  .63 

—.27 

—.21 

— .  13 

+30 

+25 

—1.51 

— 1.  00 

— .  55 

—  .18 

—  .30 

-  .49 

+  .12 

— .  33 

—  .65 

— .  25 

— .  17 

— .  06 

+25 

+20 

—1.60 

—1.20 

— .  50 

—  .21 

—  .51 

—  .58 

+  .07 

— .  48 

—  .40 

— .  10 

+.08 

+.  10 

+20 

+15 

—1.68 

— 1.  23 

— .  50 

—  .33 

—  .88 

—  .  73 

—  .06 

— .  62 

00 

+.20 

+.32 

+.21 

+15 

+  10 

-1.67 

— 1.  20 

—.42 

—  .42 

—1.06 

—  .88 

—  .10 

— .  66 

+  .26 

+.40 

+.44 

+.  23 

+10 

+  5 

—1.  54 

—  .87 

— .  20 

—  .26 

—1.  11 

—1.00 

—  .10 

—.56 

+  .20 

+.36 

+.  40 

+.11 

+  5 

0 

—1.14 

—  .38 

+.25 

+  .13 

—  .93 

—  .88 

—  .10 

— .  47 

00 

+.  18 

+.30 

-.09 

0 

—  5 

—  .78 

+  .10 

+.  48 

+  .40 

—  .91 

—  .74 

—  .20 

—.40 

—  .25 

+.02 

+.  18 

—.26 

—  5 

—10 

—  .59 

+  .02 

+.  56 

+  .53 

—1.  06 

—  .79 

—  .35 

—.40 

—  .50 

— .  11 

+.07 

— .  34 

—10 

—15 

—  .43 

+  .09 

+.  56 

+  .62 

—1.30 

—  .89 

—  .51 

— .  40 

—  .65 

—.24 

—  .02 

— .  35 

—15 

—20 

—  .30 

+  .  13 

+.58 

+  .80 

—1.57 

—1.05 

—  .67 

—.40 

—  .80 

— .  34 

— .  11 

— .  30 

—20 

—25 

—  .20 

+  .16 

+.65 

+  .90 

—1.83 

—1.22 

—  .83 

— .  35 

-  .90 

— .  42 

— .  20 

—.25 

—25 

— 30 

—  .10 

+  .  18 

+.72 

+1.00 

—2. 10 

—1.40 

—1.00 

—.30 

—1.00 

—.50 

—.23 

—.20 

— 30 

cussion  of  declinations,  Wn  74  was  used  as  above  from  +  90°  to  -f- 15°.  From  that  point  the  corrections 
were  virtually  computed  according  to  this  table : 


(5 

Corr. 

6 

Corr. 

o 

+  10 
+  5 

00 

—  05 

-  10 

a 

—  .78 

—  .72 

—  .65 

—  .55 

—  .38 

o 

—  15 

—  20 

—  25 

—  30 

—  35 

// 

—  .99 

—  .77 

—  .55 

—  .34 

—  .  13 

That  is,  as  actually  used,  a  declination  of  Wn  74  (+  10°  to  — 35°),  as  given  in  the  catalogue,  was 
corrected  by  +  ''.82  f  the  values  given  in  this  table. 

*As  explained  under  Re  66,  the  corrections  from  +  35°  to  +90°,  for  the  annual  catalogues  Ee  62- 
Re  66  are  deserving  of  little  confidence. 
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Table  X. — Corrections  to  declinations. 
ORDER  OF  RIGHT  ASCENSION. 


n 

o 

o 

00 

T— 1 

o 

Ph 

Bh  10 

S  H  31. 

Kg  38. 

*  . 

O 

TT 

05 

O 

Kg  43. 

CO 

W 

Wn  47,  56, 

and  64. 

So  51. 

O 

05 

(S 

IQ 

00 

P-I 

Bs  60  and 

65. 

* 

a 

PQ 

a 

i >. 

// 

// 

II 

// 

// 

II 

// 

// 

// 

II 

II 

// 

h. 

0 

— .  18 

+.40 

+.47 

+.32 

— .  15 

+.  13 

— .  19 

— .  12 

— .  18 

— .  05 

+.01 

— .  15 

12 

1 

—.04 

+.  25 

+.53 

+.38 

— .  11 

+.08 

—.19 

— .  17 

— .  12 

00 

+.  05 

—.07 

13 

2 

+.11 

+.08 

+.55 

+.40 

—.06 

+.03 

— .  19 

— .  21 

— .  04 

+.  05 

+.  09 

+.02 

14 

3 

+.25 

—.09 

+.53 

+.40 

—.00 

— .  02 

— .  17 

— .  23 

+.04 

+.10 

+.12 

+.11 

15 

4 

+.37 

— .  26 

+.47 

+.37 

+.06 

— .  07 

—.14 

—.24 

+.12 

+.  14 

+.  15 

+.19 

16 

5 

+.  46 

—.41 

+.  39 

+.  32 

+.11 

— .  12 

—.09 

— .  24 

+.  19 

+.17 

+.  16 

+.26 

17 

6 

+.53 

— .  53 

+.27 

+.  24 

+.  15 

— .  16 

— .  05 

—.21 

+.24 

+.20 

+.17 

+.31 

18 

7 

+.56 

—.62 

+.14 

+.  15 

+.  18 

— .  19 

00 

— .  18 

+.28 

+.  20 

+.16 

+.34 

19 

8 

+.55 

-.66 

00 

+.  05 

+.20 

—.20 

+.  05 

— .  13 

+.30 

+.19 

+.  14 

+.34 

20 

9 

+.50 

— .  66 

— .  14 

—.06 

+.21 

— .  20 

+.10 

—.07 

+.30 

+.  17 

+  .12 

+.33 

21 

10 

+.42 

—.62 

—.27 

— .  16 

+.20 

—.19 

+.  14 

—.00 

+.28 

+.  14 

+.08 

+.29 

22 

11 

+.31 

— .  53 

— .  39 

—.25 

+.18 

— .  16 

+.17 

+.06 

+.24 

+.  10 

+.04 

+.  23 

23 

12 

+.  18 

— .  40 

— .  47 

—.32 

+.  15 

— .  13 

+.  19 

+.  12 

+.  18 

+.05 

—.01 

+.  15 

24 

Note. — When  a  is  taken  from  right-hand  (127i  to  247t)  the  signs  of  the  tahlo  are  reversed. 

*  The  corrections  for  Ce  40  and  Bn  66  are  applicable  only  within  the  declination  limits  —  30°  to  -{-  40°. 


lit  computing  from  the  values  of  _Z7,  given  in  the  preceding  pages,  the  definitive 
weights  to  be  used  in  the  final  discussion,  +  ".30  was  taken  as  the  probable  error  of  the 
unit,  and  5  (corresponding  to  a  probable  error  of  +  ".134)  as  the  maximum  weight. 
Weight  .05  is  used  in  a  few  cases.  As  the  probable  errors  are  somewhat  uncertain, 
especially  in  their  respective  relation  to  number  of  observations,  only  the  denomina¬ 
tions  of  weight  presented  in  the  table  were  actually  used. 

For  convenience,  a  few  weights  deduced  in  Section  IX.  are  also  collated  here. 
With  the  “Catalogue”  as  an  argument,  the  corresponding  horizontal  line  is  fol¬ 
lowed  until  the  number  of  observations  is  reached,  or,  at  least,  the  limits  which  include 
it.  At  the  top  of  the  column  is  found  the  corresponding  weight. 

The  second  argument  is,  however,  often  a  probable  error  (as  Kg  21,  Dt  24,  etc.),  or 
weight  resulting  from  the  system  of  compilation  (as  with  Ce  40,  Eh  43,  etc.). 
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Table  XI. —  Weights  used  in  discussion 


Catalogue. 

Weights. 

.05 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

Number  of  observations,  prelim 

2  to  8  .... 

9  or  more  . 

4  to  20  ... . 

21  or  more . 

All  . 

3  to  5 

6  to  18  .... 

19  or  more. 

Probable 

.44  to  .41 .. 

.40  to  .37.. 

.36  or  35... 

.34  or  .33.. 

-1 . 

Dt24  and  30. 

Same  as 

Kg  21  or 

Ao  29,  acco 

rding  as  pro 

bable  error 
All . 

or  number 

of  observati 

ons  is  the 

argument . . 

1 . 

2 . 

All . 

1  and  2.... 

3  tn  9 

10  or  more. 
10  to  21... 

1 

i  to  9 

22  t.0  85  ... 

85  or  more. 

r.  r;  tt  33 

1 

2 . 

3 . 

4 . 

5  and  6. ... 
36  or  more. 

7 . 

M  h  34 

1  and  2 ... . 

3 . 

4  to  6 . 

7  io  11  .... 

12  to  18... 

19  to  35  . . . 

4  or  more 

Uli  37 

1 . 

2 . 

3 . 

4 . 

TYjr  3ft 

All . 

3Q 

1... 

2 . 

3 . 

4 . 

5 . 

6 . 

Pft  40 

Weights . 

1 . 

2 . 

3 . 

Tver  43 

Weights.. 

1 

O 

3 . 

4 . 

1 . 

o 

3 . 

4 . 

Seo  table 

1 . 

2  or  3 . 

4  and  5 _ 

15  or  more. 

6  to  10  .... 

11  to  23... 

24  or  more. 

All  41  and  52. 
Wn  47 

1 . 

2  to  4  .... 

1  .. 

5  to  14  .... 
2 . . 

3.., . 

4 . 

5 . 

rip  4ft 

Same  as 

Ce  40... 

Wn4ft(?  V  ) 

1 . 

2 . 

3 . 

4 . 

Ms  50 

Oh  51 

Same  as 

Gli  39 . 

So  51 

1 . 

2 . 

3  to  5 _ 

1 . 

6  to  11.... 

12  to  37  ... 
2 . 

38  or  more. 

Ps  53  . 

3 . 

1 . 

2  and  3.... 
2 . 

4  to  7 . 

8  to  19  .... 
4 . 

20  or  moro. 
5  and  6.... 

1 . 

3 . 

10  to  12  . . . 

1 . 

o 

1 . 

2 . 

3  and  4.... 

5  to  7 . 

8  and  9.... 

10  to  16  ... 

17  to  27  ... 

28  to  52  . . . 

Same  as 

Ce  40 . 

Gh  57  .. 

1 . 

2 . 

C.  G.  H.  53. 

1 . . 

2 . 

3 . 

Ro  58  . 

Same  as 

Re  45 . 

Eli  58  . 

1 . 

2 . 

3 . 

9  to  15  .... 

16  or  more . 

1 . 

Ps  60. . . 

Bs  GO. . . 

1 . 

2 . 

3 . 

4 . 

Me  G2 . 

Pa 62  (P.Y.)- 

. 

1 . 

2  and  3.... 

4  to  6 . 

7  to  17  .... 

18  or  more. 

Eli  63'. _ 

Same  as 
W  eights 
Same  as 

Eh  58 . 

1 . 

2 . 

3 . 

4 . 

Gh  64 . 

Gh  57 . 

Pa  64 . 

1 . 

i . 

2 . 

Ps  66 . 

Same  as 

Ps  64 . 

Bn  66 . 

Lc  67 . 

Ln  67 . 

Eh  67 . 

2  to  5 . 

6  or  more  . 

Mo  68 . 

1 . 

2 . 

Wn  68 . 

W  eights . 

1 . 

2 . 

3 . 

4  and  5.... 
6  to  9 . 

6 . 

7 . 

8 . 

9 . 

He  66  and  72. 
Gh  70 . 

1 . 

10  to  14  ... 
2... 

15  to  23  . . . 

24  to  44  ... 
3 . . 

45  to  152  .. 
4  . 

1 . 

Wn  70 . 

1  or  2 . 

3  to  5 . 

6  or  more  . 
2 . 

Wn  72 . 

W eights . 

3 . 

4 . 

5... 

6 . 
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of  definitive  declinations. 


Weights. 

1 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

5.0 

Catalogue. 

inary  weight,  or  probable  error. 

Gh  1752. 

Gb  1755. 

Po  1800. 

Bh  1810. 

Kg  21. 

Gb  22. 

Dt  24  and  30. 
Va  29. 

Ao  29. 

Gb  30. 

C.G.  H.  31. 

S.  U.  31. 

C.  G.  H.  33. 
Ce.  34. 

Mb  34. 

Ms  35. 

Eb  37. 

Kg  38. 

Gb  39. 

Ce  40. 

Kg  43. 

Eh  43. 

Gh  45. 

Pa  45. 

Re  45. 
Ah41and52. 
Wn  47. 

Ce  48. 

Wn  48(P.V.) 
Ms  50. 

Gh  51. 

So  51. 

Ps  53. 

So  55. 

Wn  56. 

Ps  56. 

Us  56. 

Co  56. 

Gb  57. 

C.  G.  H.  58. 
Re  58. 

Eb  58. 

Ps  60. 

Bs  60. 

Me  62. 

Pa  62  (P.V.) 
Eb  63. 

Wn  64. 

Gb  64. 

Ps  64. 

Bs  65. 

Ps  66. 

Bn  66. 

Lc  67. 

Ln  67. 

Eb  67. 

Me  68. 

Wn  68. 

Ro  66  aud  72. 
Gh  70. 

Wn  70. 

Wn  72. 

.32  to  .27.... 

All 

.20  to  .23  . . 

.22  to  .20.... 

.19 . 

.18  and  .17  .. 

.16 . 

.15 . 

.14  or  less  . . . 

3. 

4  to  6  . 

7  to  10 . 

11  to  16  ... 

17  to  29  . .  . 

30  to  68 _ 

All 

8  to  18 

19  or  more. 

5  to  12  . . 

13  or  more. 

7  to  11  .. 

12  to  21  ... 

46  to  156  .. 
14  to  19  . . . 

4 . 

9  to  13 . 

20  to  28 . 

29  to  38 . 

39  to  55 _ 

56  or  moro  .. 

All 

7  and  8. . . . 
9  to  14  .... 

9  to  11 . 

12  and  13.. 
27  to  50... 

14  to  16 . 

17  and  18.... 
140  or  moro  . 

19  to  22 . 

23  or  more  .. 

15  to  20  .... 

51  to  139  ... 

6  aud  7 . 

8  to  10  ... . 

11  to  13 . 

14  to  16  ... 

17  to  19 . 

20  to  22 . 

23  to  27 _ 

28  or  more  . . 

4  to  7 

8  to  15  ... . 

16  to  39  . 

40  or  more. 

1 3  to  27 

28  to  124  . . 
6  to  18  .... 

125  and  more 

3  to  5 

5  to  7 

8  to  12 

13  to  21  ... 

22  to  44 . 

45  to  207  ... . 

206  or  more  . 

4  to  9 

10  or  more. 

9 

3 

4  to  fi  . 

7  to  12.... 
61  or  more. 

13  to  30 . 

31  or  more  . . 

{5  to  « 

9  to  18  ... . 

1 9  to  60 

1 

2 . 

3  or  more  . . . 

7  to  9 . 

10  to  12 

13  to  15  . . . 

16  to  18  .... 

o 

a  to  5 

6  to  12 

13  to  52  ... 
9  to  13  ... . 

4  and  5 . . . . 

C  to  8 

14  to  21 . 

22  to  37  ... . 

38  and  more 

A  11 

All 

All  not  fun¬ 
damental  or 
circumpolar. 

Fundamental 
and  circum¬ 
polar. 

7  to  24  .... 
14  to  19  ... 

10  to  13 . 

20  to  25 . 

26  to  30  ... 

31  to  36  .... 

37  to  41 _ 

42  to  49 . 

50  or  more  . . 

8  to  17  .... 

1ft  fo  47 

48  or  more. 

7  to  9 

10  to  13  . . . 

14  to  17 . 

18  to  21  . . . 

22  to  25 _ 

26  to  29 . 

30  to  35  .... 

36  or  moro  . . 
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Note  1. — The  Poulkova  observations  are  weighted  according  to  the  probable  errors  given  on  pp.  (29) 
and  (30)  of  introduction  ( Vol.  V.).  Tbo  weight  is  slightly  reduced  in  two  cases.  Following  is  the  table 
of  weights.  Between  +  55°  and  +  Go0  declination,  when  the  observations  are  above  the  pole,  the 
weights  of  the  first  line  arc  multiplied  by  .4  : 


8 

1  obs. 

2  obs. 

4  obs. 

8  obs. 

16  obs. 

+  40°  to  55°  and  65°  to  80°  . .. 

1 

2 

3 

4 

5 

+  30°  or  +  90° . 

1 

2 

3 

4 

5 

+  20°  or  +  80°  S.  P . 

1 

2 

3 

4 

5 

+  10°  or  +  70°  S.  P . 

.8 

1.5 

2.5 

3.5 

4 

+  00  or  +  60°  S.  P . 

.5 

1.0 

1.5 

2. 5 

3.5 

—  10°  or  +  50°  S.  P . 

.3 

.5 

1.0 

1.5 

2.5 

—  15°  or  -j-  45°  S.  P . 

.2 

.3 

.7 

1.0 

2.0 

Note  2. — When  the  zenith  distance  of  a  star  observed  at  a  given  observatory  is  greater  than  7UIJ 
the  above  weights  are  multiplied  by  the  following  arbitrary  numbers  : 


ZD 

Factor. 

ZB 

Factor. 

o 

o 

70 

1.0 

76 

.  5 

71 

.9 

77 

.4 

72 

.8 

78 

.3 

73 

.7 

79 

.3 

74 

.6 

80 

.2 

75 

.5 

Note  3. — In  using  the  later  Greenwich  catalogues  (Gh  57,  64,  and  70),  Ps  64  and  Ps  66,  and  Bs  60  and 
Bs  65,  a  considerable  modification  of  the  above  weights  takes  place,  whenever  the  same  star  is  observed 
in  two  or  more  series  at  each  observatory.  The  maximum  weight  given  to  Gh  57,  64,  and  70  combined, 
is  7.0 ;  to  Ps  64  and  Ps  66,  4.0  ;  and  to  Bs  60  and  Bs  65,  5.0.  Where  the  combined  weights  were  smaller 
than  these  totals,  arbitrary  reductions  of  each  are  made;  those  reductions  being  proportionally  less,  tbo 
fewer  the  observations.  This  course  is  taken  because,  strictly  speaking,  the  catalogues  of  the  respective 
groups  are  really  parts  of  the  same  series  and  have  to  some  extent  the  same  errors.  Of  course,  when 
either  of  the  above-mentioned  catalogues  stands  as  the  sole  representative  of  its  observatory  it  receives 
the  full  tabular  weight.  In  a  less  degree  this  reduction  of  weights  is  applicable  to  groups  of  catalogues 
not  iucluded  in  the  above  enumeration  ;  but  in  all  such  cases  it  is  believed  that  the  reduction  of  weights 
required  is  without  practical  consequence  to  the  final  result. 

With  the  values  of  G  computed  iu  Section  V.,  and  with  the  corrections  and  weights 
of  Tables  IX.,  X.,  and  XI.,  the  definitive  values  of  A  S  and  A pJ  are  next  computed  for 
430  stars,  a  and  8  Urs®  Minoris  are  allowed  to  stand  as  first  computed,  and  02  others 
are  reserved  until  systematic  corrections  shall  have  been  derived  for  certain  authorities 
from  the  definitive  places. 

The  conditional  equations  are  so  constructed  as  to  give  AS  for  1875.  Much  care 
has  been  exercised  in  these  computations,  and  the  usual  checks  have  been  faithfully 
employed. 

Column  Gn  in  “  Details  of  Corrections  to  Assumed  Declinations”  is  computed  from 
G,  by  the  addition  of  corrections  taken  from  Tables  IX.  and  X.  Column  it  is  next 
formed  from  Table  XI.,  subject  to  tbe  limitations  expressed  in  notes  2  and  3  above. 
The  epochs  are  taken  from  column  “Cat.”  The  resulting  values  of  AS  and  A p!  are 
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giveu  in  the  catalogue  at  the  end  of  this  paper.  With  these,  column  r,  is  computed 
from  the  expression : — 


Ad  +  A,j. 


T‘  - 1875\ 


100 


-c, 


A  tjl 

By  the  addition  of  AS  and  respectively,  to  the  declination  and  annual  variation 

at  the  head  of  the  table  for  each  star  (u  Details  of  Corrections,”  etc.),  we  derive  the 
definitive  values  of  those  quantities  given  on  the  right-hand  pages  of  the  catalogue. 

The  probable  errors  there  given  do  not  result  from  the  sums  of  squares  of  resid¬ 
uals,  but  are  computed  from  the  weights  of  Ad  and  A //;  assuming  the  probable  error  of 
the  unit  to  be  ±  .30.  A  few  trials  showed  that  these  probable  errors  are  a  little  larger, 
on  the  average,  than  those  which  actually  result  from  the  sums  of  squares  of  rr  In 
deriving  these  sums  accurately  the  full  weight  must  be  given  to  each  of  the  catalogues 
of  the  Brussels,  Paris,  and  Greenwich  series,  though  as  explained  (note  3,  p.  102), 
less  than  the  tabular  values  of  the  weights  are  sometimes  assigned  to  them. 

For  the  fundamental  and  principal  circumpolar  stars,  the  probable  error  of  the 
unit  of  weight,  as  it  actually  results  from  the  residuals  of  each  star,  is  given  below. 
It  will  be  seeu  that  in  the  mean  it  is  much  smaller  than  the  standard,  ±  ".30,  to  which 
it  should  correspond.  The  difference  is  not  so  great  for  the  remaining  stars. 


Probable  errors  of  unit  of  n,  derived  from  values  of  r ,. 


// 

// 

// 

a  Andromed®  ± 

.24 

a  <  (rionis . ± 

.27 

[3  Urs®  Minoris.. .  ± 

.28 

a  Aquil® . ± 

55 

y  Pegasi . 

.81 

j 3  Gemiuorum. .. 

.23 

a,  Coronaj  Borealis 

.20 

ft  Aquil® . 

24 

a  Cassiope®  .... 

.25 

a  Hydr® . 

.29 

a  Serpentis . 

.20 

a  Cygui . 

.25 

a  Arietis . 

.28 

a  Leon  is . 

.30 

f  Urs®  Minoris. .. 

.29 

a  Cephei . 

.24 

a  Cot  i . . . 

.25 

a  UrScB  Majoris  . 

29 

7 1  Dracocis . 

.24 

[3  Cephei . 

.24 

a  Perse i . 

.28 

(3  Leonis _ ... 

.23 

a  Herculis  ... _ 

.32 

a  Aquarii _ _ 

.28 

a  Tauri . 

.30 

y  Urs®  Majoris  . 

.31 

a  Ophiuchi . 

.24 

a  Pegasi . 

.27 

a  Aurigas . 

.27 

a  Virginia . 

.27 

y  Draconis . 

.26 

y  Cepliei . 

.80 

ft  Orionis . 

.23 

Tj  TJrsse  Majoris  . 

.29 

a  Lyr® . 

.25 

ft  Tauri . 

.24 

a  Bootis . 

.24 

y  Aquil® . 

.22 

It  must  be  understood,  of  course,  that  the  uncertainty  of  the  Normal  System  is  not 
represented  in  these  probable  errors.  This  uncertainty  will  vary  with  the  polar  dis¬ 
tance,  being  least  at  the  north  pole  of  the  heavens,  and  probably  greatest  in  the  zone 
—  20°  to  —  50°  declination,  or  in  that  vicinity.  From  —  30°  to  —  90°,  with  our  present 
means  of  information,  very  little  cau  be  known  of  the  systematic  corrections  required. 
But  northward,  from  —  10°  declination,  we  can  form  an  approximate  judgment  as  to 
the  degree  of  accuracy  attained.  I  estimate  the  probable  error  for  1875  of  the  Normal 
System  for  the  Equatorial  region  to  be  not  greater  than  ±  ".15,  and  less  than  this  for 
any  given  point  between  the  Equator  and  the  North  Pole.  By  actual  computation, 
using  the  Equatorial  systematic  corrections  of  the  32  catalogues  upon  which  the  sys¬ 
tem  is  based,  with  the  same  weights  as  were  used  in  Section  VI.,  we  find  that  the 
system  best  corresponds  to  1847.5.  For  that  epoch  its  probable  error  is  ±  ".05.  For 
1875  it  is  ±  .10;  and  for  1900,  -t  ".17.  But  these  probable  errors  may  be  somewhat 


570  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION.  [104 1 


too  small  since  more  than  half  the  determinations  are  reduced  with  the  same  refrac¬ 
tions  (Bessel’s),  and  only  five*  may  be  regarded  as  fundamental  determinations  in  a 
rigorous  sense. 

It  would  have  been  for  me  a  pleasant  task  to  have  undertaken,  with  the  help  of  the 
places  now  available,  a  third  approximation  to  the  systematic  corrections  and  weights. 
But  the  real  object  of  the  woik  has  been  already  sufficiently  accomplished,  and  the 
time  is  not  at  my  disposal  for  the  purpose.  Indeed,  some  few  experiments  taught  me 
that  the  changes  to  be  thereby  induced  were  likely  to  be  few  and  unimportant,  except 
for  some  of  the  weights,  for  which  the  relation  to  number  of  observations  can  now  be 
ascertained  with  considerable  precision.  The  systematic  correction  of  one  catalogue, 
Po  1800,  has,  however,  received  a  new  examination,  the  results  of  which  have  already 
been  given. 

Section  IX. 

CORRECTIONS  TO  CATALOGUES  OF  CLASS  III. 

There  are  a  few  additional  catalogues  either  of  small  weight,  or  with  few  observa¬ 
tions  of  standard  stars  (described  under  Class  III),  which  will  prove  desirable  auxil¬ 
iaries  in  the  computation  of  A  3  and  A  p.'  for  the  remaining  62  stars. 

These  we  proceed  to  enumerate,  and  under  each  will  be  given  a  brief  examination 
of  the  systematic  correction  required. 

The  corrections  to  the  catalogue  declinations  were  found  by  subtracting  from  the 
definitive  A  8'  for  the  required  epoch  the  corresponding  value  of  C. 

Ms  35. 

Weight  one  is  assigned  to  all  declinations,  which  at  Madras  depend  on  more  than 
5  observations,  and  for  which  the  weight  of  a  standard  declination  at  1875  is  1.5,  or 
more.  To  all  declinations,  from  two  or  three  observations  at  Madras,  weight  .5  is 
assigned ;  and  the  same  weight  to  a  few  others  from  four  or  five  observations. 

“These  are:  Bessel’s,  1821  ;  Shruve’s,  1824  ;  Argelander’s,  1829  ;  Peter’s  and  Gylden’s  (Poulkova), 
1845;  and  Kaiser’s,  1867. 
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Residuals  in  order  of  declination. 


Mean  rS 

V 

>0 

C0 

0 

// 

// 

+ 

86 

5 

+ 

.43 

+ 

.54 

+ 

78 

8 

+ 

.62 

+ 

.62 

+ 

73 

10 

+ 

.92 

+ 

.67 

+ 

69 

15 

+ 

.78 

+ 

.69 

+ 

64 

12 

.41 

4~ 

.64 

+ 

59 

22 

+ 

.44 

+ 

.60 

+ 

54 

14 

+ 

.59 

+ 

.62 

+ 

49 

27 

+ 

.80 

+ 

.72 

+ 

44 

20 

+ 

.71 

+ 

.70 

+ 

39 

30 

+ 

.47 

+ 

.59 

+ 

34 

17 

+ 

.06 

+ 

.44 

+ 

30 

21 

+ 

.69 

+ 

.26 

+ 

26 

22 

— 

.  05 

+ 

.04 

+ 

21 

24 

— 

.28 

.26 

4- 

16 

19 

— 

.88 

— 

.53 

+ 

11 

14 

— 

.50 

— 

.66 

+ 

6 

20 

— 

.42 

— 

.67 

+ 

1 

11 

— 

.88 

— 

.62 

5 

7 

— 

.37 

— 

.57 

— 

9 

11 

— 

.72 

— 

.51 

— 

14 

5 

— 

.42 

— 

.42 

— 

19 

5 

00 

— 

.32 

— 

23 

5 

+ 

.68 

— 

.22 

— 

28 

5 

.99 

— 

.10 

— 

7b 

2 

+ 

.70 

+ 

.05 

— 

42 

5 

+ 

.18 

+ 

.20 

— 

50 

2 

+ 

.45 

+ 

.40 

— 

59 

6 

+ 

.54 

+ 

.62 

69 

[0] 

[  + 

.53] 

Three  hundred  and  thirty-two  residuals,  from  —  35°  to  +  90°,  which  received 
weight  one,  give,  with  m  =  8: — 

E  =  ±  "G2. 

Residuals  in  order  of  right  ascension. 


Declination  limits. 

+  15°  to  +  90° 

Declination  limits. 
+  15°  to  —  35° 

Declination  limits. 
—  35°  to +  90° 

Mean  a 

7TJ 

r0' 

7T7 

‘o' 

7T ' 

V 

h. 

/ 

// 

// 

1 

28 

-  . 

26 

6 

— 

.45 

34 

— 

.29 

3 

22 

-  . 

34 

7 

.  14 

29 

— 

.32 

5 

19 

-  . 

14 

7 

+ 

.31 

26 

— 

.02 

7 

15 

+  ■ 

07 

3 

.07 

18 

+ 

.05 

9 

13 

00 

6 

— 

.25 

19 

.08 

11 

16 

-  , 

39 

8 

+ 

.08 

24 

— 

.24 

13 

13 

-  , 

39 

5 

.02 

18 

— 

.09 

15 

26 

+  • 

78 

7 

+ 

.89 

33 

+ 

.80 

17 

30 

+  • 

49 

8 

.  16 

38 

+ 

.42 

19 

25 

12 

13 

+ 

.14 

38 

.03 

21 

33 

-  . 

38 

13 

.08 

46 

— 

.30 

23 

23 

-  • 

18 

11 

— 

.  11 

34 

.  15 
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Wn  48  ( prime  vertical  transit). 

Sixty -one  observations  in  1847  of  13  stars  gave  as  the  mean  correction: — 

-  "82  ±  ".09. 

The  probable  error,  E ,  of  a  siugle  observation,  is  ±  ".70. 

Ms  50. 

The  correction  is  ascertained  from  the  declinations  of  the  principal  stars  given  in 
the  introduction.  Each  residual  is  given  weight  one. 


Residuals  in  order  of  declination. 


Mean  <5 

7 r' 

r0 

Co 

o 

// 

n 

+  87 

5 

+  .10 

+  .06 

4-  75 

4 

4-  .37 

+  .25 

4-  63 

2 

4-  .54 

4-  .30 

+  52 

8 

4-  .16 

4-  .30 

+  41 

5 

+  -37 

4-  .23 

+  29 

8 

—  .06 

—  .08 

+  22 

8 

—  .41 

—  .40 

+  14 

8 

—  .96 

—  .13 

+  08 

9 

—  .64 

—  .92 

0 

7 

—1.17 

— 1.  05 

—  9 

6 

—  .99 

—  .99 

With  m  =  4,  we  have,  probable  error  of  a  single  declination 


E  =  ±  ".32. 


If  we  assume  -  =  2,  we  shall  have  for  3  to  5  observations,  approximately,  weight 


.3  in  the  system  of  Table  XI. 


Residuals  in  order  of  right  ascension. 


Mean  a 

7 r7 

I'd 

Mean  a 

7 T1 

rd 

h. 

n 

h. 

// 

1 

5 

—  .  17 

13 

4 

.00 

3 

5 

—  .20 

15 

7 

+  .19 

5 

6 

—  .29 

17 

6 

—  .01 

7 

5 

+  .28 

19 

9 

+  .35 

9 

5 

-  .37 

21 

8 

+  .40 

11 

5 

—  .34 

23 

4 

—  .26 
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Eli  58,  Eh  03,  and  Eh  07.  1  =  2. 

e. 


Eh  58. 

Eh  63. 

Eh  67. 

Mean  <5 

7T1 

ro 

Co 

Mean  <5 

V 

r0 

Co 

Mean  d 

7 r' 

r0 

Co 

o 

// 

// 

o 

// 

// 

o 

It 

n 

+  89 
+  73 

4 

— .  63 

+  89 
+  73 

2 

— .  40 

+  89 
+  67 

2 

+  .86 
+1.34 

3 

—.94 

1 

+.27 

5 

+  55 

20 

+.  06 

—.33 

+  55 

19 

+.  37 

+.51 

+  54 

16 

+  .38 

00 

+  32 

26 

— .  52 

— .  33 

+  32 

20 

+.35 

+.51 

+  32 

18 

—  .45 

00 

+  19 

26 

+.53 

— .  33 

+  19 

30 

+.72 

+.51 

+  19 

28 

+  .50 

00 

+  7 

31 

— .  36 

— .  33 

+  9 

18 

+.59 

+.51 

+  07 

17 

+  .61 

00 

—  5 

37 

—.22 

— .  3:: 

—  1 

14 

+.39 

+.51 

+  05 

17 

—1.30 

00 

The  corrections  to  these  catalogues  can  only  be  roughly  ascertained.  It  is  assumed 
to  be  constant  from  —  10°  to  +  00°.  We  have,  E  =  +  ''.GO  for  Eh  58  (excluding  p 
Lyrse),  ±  ".77  for  Eh  03,  and  ±  1".33  for  Eh  07.  ±  ".G9  is  adopted  in  constructing 

weights  for  Eh  58  and  Eh  03. 


Pa  02  ( prime  vertical  transit). 

Twenty-one  observations  of  5  stars  give  the  correction : — 

+  ".25  ±  ".05  ; 

and  for  probable  error  of  single  observation  A  ''.23,  which  is  considerably  larger  than 
the  value  supposed  in  the  third  volume  of  Poulkova  observations  (pp.  213,  214).  But 
even  this  requires  the  maximum  weight  (5.0)  for  3  observations,  and  is  adopted. 


Pa  71. 


But  one  declination  is  used  from  this  catalogue — that  given  for  B.  A.  C.  5313. 
For  its  correction,  I  find  +  ".50  from  eight  stars  between  +  50°  and  +  00°  declination. 
For  this  declination  the  arbitrary  weight  1.0  is  assigned  iu  deducing  corrections  to 
assumed  place. 

Wn  70. 


Residuals  in  order  of  declina  tion. 


Mean  d 

7 T7 

r0 

Co 

o 

U 

It 

+  86 

21 

+  .22 

00 

e  0 

+  75 

57 

—  .04 

00 

— =2 
e, 

+  65 

67 

—  .43 

—  .25 

+  55 

17 

+  .12 

—  .43 

+  45 

31 

—  .63 

—  .57 

+  35 

20 

—  .44 

—  .66 

+  s.5 

33 

—  .72 

—  .73 

+  15 

24 

—  .42 

—  .75 

+  05 

29 

—1.08 

—  .70 

—  07 

14 

—  .05 

-  .36 

J 
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With  m  =  4,  we  have : — 

E  =  ±  1"01. 

The  curve  resembles  that  of  Wn  50  closely,  except  that  its  minus  values  are  about 
".40  larger.  From  —10°  southward,  Wn  56  —".40  can  probably  be  used  without 
serious  error. 

Residuals  in  order  of  right  ascension. 


Declination  limits. 

—  10°  to  -f  40° 

Declination  limits. 
+  40°  to  +  90° 

Declination  limits. 

—  10°  to  +  90° 

Mean  a 

7T; 

r0‘ 

7Tl 

t 

0 

7r' 

rd 

Cd 

h. 

// 

// 

// 

II 

1 

n 

+  • 

21 

25 

— 

.  14 

36 

— 

.04 

— 

.  17 

3 

12 

+  • 

02 

15 

— 

.59 

27 

— 

.32 

— 

.23 

5 

4 

75 

13 

— 

.77 

17 

— 

.76 

— 

.24 

7 

14 

+  • 

09 

5 

— 

.30 

19 

— 

.01 

— 

.18 

9 

9 

1 

20 

11 

— 

.21 

20 

— 

.03 

— 

.07 

11 

4 

75 

15 

— 

.29 

19 

— 

.38 

+ 

.06 

13 

9 

-  . 

36 

15 

— 

.23 

24 

— 

.28 

+ 

.17 

15 

6 

+  • 

70 

19 

+ 

.80 

25 

+ 

.78 

+ 

.23 

17 

12 

+  • 

60 

20 

+ 

.33 

32 

+ 

.43 

+ 

.24 

19 

15 

78 

17 

+ 

.26 

32 

.23 

+ 

.18 

21 

16 

+  • 

35 

21 

4“ 

.04 

37 

+ 

.18 

+ 

.07 

23 

12 

• 

26 

18 

.16 

30 

.20 

.06 

Column  Co'  is  taken  from  the  correction  found  to  be  applicable  to  the  previous 
series  of  observations  with  the  Washington  mural  circle.  There  is  sufficient  resem¬ 
blance  between  it  and  the  values  of  r0'  in  the  last  column  to  justify  its  continued  use 
for  this  catalogue. 


Table  XII. — Corrections  to  catalogues  of  Class  III  (and  to  Po  1800). 

ORDER  OF  DECLINATION. 


Mean  <5 

Po  1800 

Ms  35. 

Ms  50. 

Wn  70.* 

Mean  d 

Po  1800. 

Ms  35. 

Ms  50. 

Wn  70. 

o 

// 

// 

II 

// 

o 

// 

// 

It 

// 

+  90 

00 

4-  .50 

00 

00 

+  15 

—1.62 

—  .56 

—  .70 

—  .75 

+  85 

4-  .16 

4-  .  55 

4-  .10 

00 

4-  10 

—1.35 

—  .68 

—  .  86 

—  .75 

+  80 

+  .30 

4-  .60 

4-  .20 

00 

4-  05 

—1.29 

—  .67 

—1.00 

—  .70 

4-  75 

+  .44 

-f-  .  65 

4-  .  25 

00 

0 

—1.56 

-  .61 

—1.05 

—  .59 

+  '0 

4-  .52 

4-  .70 

4-  .30 

—  .14 

-  05 

—1. 86 

—  .57 

—1.(5 

—  .44 

-f-  65 

4-  .52 

4-  .65 

+  .30 

—  .  25 

—  10 

—1.96 

—  .50 

—  .97 

—  .25 

-f  60 

4-  .48 

4-  .60 

4-  .30 

—  .37 

—  15 

—1.  82 

—  .40 

+  55 

4-  .35 

4-  .60 

4-  .30 

—  .43 

—  20 

—  1.  50 

—  .30 

+  50 

+  .10 

4-  .72 

4-  .30 

—  .50 

—  25 

—1. 16 

—  .17 

+  45 

—  .30 

4-  .72 

4-  .28 

—  .57 

—  30 

—1.08 

—  .05 

+  40 

—  .80 

4-  .62 

4-  .22 

—  .62 

—  35 

—1.21 

4-  .05 

+  35 

—1.03 

4-  .48 

4-  .  10 

—  .66 

—  40 

—1.  40 

4-  .  15 

+  30 

—1. 10 

4-  .26 

—  .04 

—  .70 

—  50 

4-  .40 

+  25 

—1.36 

—  .02 

—  .26 

—  .73 

—  60 

4-  .65 

+  20 

—1.62 

—  .32 

—  .49 

—  .75 

*If  the  actual  correction  for  Wn  1872  and  1873  is  desired,  -(-".45  must  be  added  to  the  quantities 
given  in  the  above  table  for  Wn  70. 
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Table  XII.— Continued. 


Catalogue. 

Correction. 

Remarks. 

Wn  48 . 

// 

—  .82 
—  .33 
+  .51 
+  .25 

00 

Constant. 

Constant  from  —  10°  to  60°. 
Constant  from  —  10°  to  +  60°. 
Constant. 

Constant  from  —  10°  to  +  60°. 

Eh  58 . 

Eh  63 . 

Pa  62 . 

Eh  67  . . 

Tbe  corrections  in  order  of  a  for  Po  1800  and  Wn  70  are  to  be  taken  from  Table  X. 

With  these  additional  corrections  the  values  of  Ad  and  A p!  were  computed  for  the 
02  remaining  stars.  These  are  sufficiently  indicated  in  the  u Details  of  Corrections 
to  Assumed  Declinations”  by  the  use  of  one  or  more  of  the  catalogues  of  Class  III. 

Section  X. 

GENERAL  REMARKS  RESPECTING  THE  CORRECTIONS  AND  PROBABLE  ERRORS  OP 
STARS  USED  BY  THE  NORTHERN  BOUNDARY  SURVEY  POR  LATITUDE. 

The  preceding  pages  afford  the  means,  to  some  extent,  for  answering  the  question 
as  to  the  probable  errors  of  the  declinations  used  in  latitude  work  on  the  Northern 
Boundary.  These  declinations  in  the  general  catalogue  of  500  stars  at  the  end  of  this 
paper  are  distinguished  by  an  asterisk,  affixed  to  the  current  number.  Opposite  each 
star,  on  the  right-hand  page  (and  in  the  third  column),  will  be  found  its  probable  error 
estimated  in  the  manner  described  in  Section  VIII.  This,  taken  together  with  the  cor 
responding  value  of  Ad,  given  on  the  left-hand  page,  will  aid  in  forming  some  judgment 
as  to  the  probable  limits  within  which  any  correction  is  likely  to  be  included.  These 
values  of  A  6  refer  to  the  declinations  adopted  in  the  work  of  1874.  Those  of  the  pre¬ 
ceding  years  are  less  accurate,  and  differ  slightly  from  these,  but  the  differences  are  not 
systematic. 

The  general  correction  required  by  the  latitude  work  of  1874  has  been  roughly 
computed  in  three  different  ways: — 

First.  Fifty  different  pairs  (100  stars)  were  observed  for  latitude  during  the  year. 
Six  of  these,  however,  were  used  but  once;  one,  three  times;  three,  four  times;  nine, 
live  times;  and  others  more  frequently — eighteen  times  being  the  maximum.  Taking 
the  simple  mean  of  all  the  values  of  Ad  for  the  one  hundred  stars,  we  have: — 

+  ".042 

as  the  common  correction  to  the  declinations  actually  used ;  and  this  is,  of  course, 
applicable  to  the  latitudes. 

Second.  If,  however,  we  take  into  account  the  number  of  times  each  pair  was  used, 
giving  weights  proportional  to  the  numbers,  we  have: — 

+  ".008 

as  the  common  correction  to  all  the  latitudes. 

Third.  If,  still  further,  we  take  into  account  the  weights  of  the  stars  as  computed 
in  this  paper,  and  if  we  suppose  that  each  observation  of  a  pair  with  the  zenith  tele- 
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scope  gives  an  instrumental  probable  error  for  latitude  of  db  ".3,  we  have  as  the  mean 
correction: — 

+  ".002. 

I  regard  it  as  quite  improbable  that  a  common  correction  larger  than  ±  is 
needed  for  the  latitudes  as  actually  established  in  the  field.  In  this  paper  the  stars  of 
the  latitude  list  were  reduced  without  the  slightest  reference  to  the  previous  work 
performed  on  them— even  the  seconds  of  declinations  being  transcribed  from  the  vari¬ 
ous  catalogues  anew.  Under  these  circumstances  the  present  work  may  be  regarded 
as  an  efficient  check  on  the  values  of  declination  adopted  in  the  former  discussion. 

EXPLANATION  OF  TABLES. 

RECAPITULATION  OF  SYSTEMATIC  CORRECTIONS. 

This  table  shows  as  nearly  as  possible  the  total  systematic  corrections  applied  by 
me  (either  before  or  after  discussion  of  Normal  System)  to  the  catalogue  places  as  I  find 
them.  If  to  these  be  added  errata  and  corrections  due  to  proper  motion,  with  a  few 
corrections  specified  in  the  notes  at  the  end  of  the  table,  we  shall  have  declinations 
according  to  the  system  adopted  in  this  paper.  In  order,  however,  to  accertain  the 
degree  of  confidence  to  be  placed  in  certain  values  from  the  curves  (especially  those 
from  —  10°  to  —  30°),  it  will  be  necessary  to  recur  to  the  detailed  reductions. 

DETAILS  OF  CORRECTIONS  TO  ASSUMED  DECLINATIONS. 

These  embrace  Table  A,  Table  B,  and  Table  C. 

Table  A  contains  particulars  of  reduction  for  the  fundamental  and  principal  cir¬ 
cumpolar  stars.  However,  four  southern  stars,  usually  regarded  as  fundamental,  and 
a2  Gemiuorum  will  be  found  elsewhere. 

Table  B  contains  details  for  all  other  stars  ( i .  e .,  stars  not  included  in  Table  A) 
situated  between  +•  90°  and  — 10°  declination.  In  this  region  the  weights  are  in  no 
case  affected  by  the  question  of  zenith  distance. 

Table  C  contains  details  for  all  stars  situated  south  of  —  10°  declination. 

With  one  exception  the  construction  of  all  the  tables  is  alike.  At  the  head  of 
the  tabular  statement  for  each  star  is  given  its  assumed  right  ascension  and  declina¬ 
tion,  with  the  annual  variation  of  each  as  computed  in  Sections  II.  and  III. 

Columu  “  Gat.”  contains-  the  designation  of  each  catalogue  or  series  of  observa¬ 
tions.  The  explanation  of  these  designations  is  found  in  Section  IV.  It  is  sufficient 
here  to  state  that  the  figures  refer  to  the  mean  year  of  observation,  and  the  letters  are 
usually  the  first  and  last  in  the  name  of  the  observatory  according  to  the  English 
spelling. 

Golumu  “  Obs.”  contains  either  the  number  of  observations,  weight,  or  probable 
error,  according  as  either  is  made  an  argument  for  computation  of  weight  from  Table 
XI. 

Columu  C  contains  the  correction  to  assumed  declination  given  by  the  respective 
catalogues  in  the  manner  detailed  in  Sections  III.  and  V.  For  the  later  Radclift'e  cat¬ 
alogues,  and  for  Wn  72,  values  of  C  are  contained  in  Section  V. 
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Column  Gn  in  Tobies  B  and  C,  contains  for  a  limited  number  of  stars  the  sum  of 
C  and  of  the  systematic  correction  taken  from  Table  II. 

The  place  of  this  is  supplied  in  Table  A  by  column  r,„  which  contains  the  correc¬ 
tion  given  to  each  authority  by  the  declination  computed  according  to  the  principles  of 
Section  VI.,  but  with  the  addition  of  the  Fundamenta  as  an  authority,  with  weight 
one. 

Column  r  contains  the  quantities  from  which  definitive  systematic  corrections 
were  computed.  It  is  formed  by  subtracting  G  from  the  value  of  the  expression 

A  8  -f  ^  d/j.1,  A  8  and  A/i '  being  taken  from  Tables  V.  and  VII. 

Column  C„  is  formed  by  the  addition  of  the  systematic  corrections  of  Tables  IX. 
and  X.  to  column  C.  For  Re  60  and  Re  72,  as  well  as  Wn  72  and  S  H  31,  the  value  of 
G,,  is  specially  computed. 

Column  ic  contains  the  weight  computed  from  Table  XI.,  with  the  argument  in 
column  “Obs.” 

Column  r,  contains  the  outstanding  residual  found  by  subtracting  0„  from 

(rp _ 1875\ 

— —  ),  where  A  8  and  Ajj.'  are  to  be  taken  from  the  left-hand  page  of 
the  “Catalogue  of  500  Stars”  at  the  end  of  this  paper. 

CATALOGUE  OF  500  STARS. 


Ou  the  left-hand  page  : 

Columns  1,  2,  3,  and  4  appear  to  require  no  explanation  except  the  caution  that 
the  latter  column  is  simply  copied  from  the  catalogue  of  the  British  Association. 

Column  5  contains  the  approximate  right  ascension  as  deduced  in  Section  VII. 

Column  6  contains  the  annual  variation,  and  column  7  the  secular  variation  in 
Right  Ascension  given  in  units  of  the  fifth  decimal  place. 

The  eighth  and  ninth  columns  give  A  8  and  A  ;jJ  as  they  result  from  the  final  com¬ 
putation,  using  columns  Gn  and  -k  of  “Details,”  etc. 

On  the  right-hand  page,  in  column  1,  the  current  number  is  repeated  for  con¬ 
venience. 

Column  2  is  the  definitive  declination  formed  from  the  assumed  declination  given 
with  each  star  in  “  Details,”  etc.,  by  the  addition  of  A  8  from  the  preceding  page. 

Column  3  contains  the  probable  error  ascertained  in  the  manner  explained  near  the 
end  of  Section  VIII.  In  a  few  cases  this  column  is  left  blank.  It  is  to  be  understood 
in  such  cases  that  a  definite  estimate  is  declined,  either  because  the  error  is  large  or 
cannot  readily  be  ascertained. 

Column  4  contains  the  weight  to  nearest  unit,  from  which  the  preceding  column  is 
estimated.  The  probable  error  of  this  unit  is  supposed  to  be  uniformly  ±  ".30.  It  is 
likely  to  be  smaller  than  larger  (p.  163).  When  this  column  is  left  blank  it  is  to  be 
understood  that  the  computed  weight  is  less  than  .5 

Column  5  contains  the  definitive  annual  variation,  computed  by  adding  to  the 

A  u! 

annual  variation  of  “  Details,”  etc.,  Afx '  being  taken  from  the  left-hand  page. 
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Column  0  contains  the  probable  error  of  the  annual  variation  computed  from  the 
weight  of  zl/E  in  conditional  equations. 

Columns  7  and  8  contain  the  secular  variation  and  third  terra  of  precession  in 
declination  which  are  given  respectively  to  the  sixth  and  eighth  places  of  decimals. 
The  mode  of  their  computation  is  fully  explained  in  Section  III. 

Column  9  contains  the  proper  motion  formed  by  subtracting  from  the  annual 
variations  20//.0542  cos  a.  The  number  is  Peters’  constant  of  precession  ( n )  for  1875. 
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RECAPITULATION  OF  SYSTEMATIC  CORRECTIONS 
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When  the  argument  is  12h  to  24h  the  signs  are  to  be  reversed. 
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Recapitulation  of  systematic  corrections — Continued. 
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When  tbo  argument  is  12h  to  24h  tbe  bigus  are  to  be  reversed. 
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Recapitulation  of  systematic  corrections—  Continued. 
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When  the  argument  is  12*1  to  24h  the  signs  are  to  he  reversed. 
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When  the  argument  is  12b  to  24*’  the  signs  are  to  he  reversed. 
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4  .71 
+  .54 

4  .05 

—  .36 

—  .56 

—  .60 

—  .57 

—  .50 

—  .38 

—  .28 

—  .24 

—  .20 
—  .20 

—  .25 

—  .33 

—  .40 

—  .40 

—  .40 

—  .40 

—  .40 

[—  .40] 

0 

4  90 

4  85 

4  80 

4  75 

4  70 

4  65 

4  60 

4  55 

4  50 

4  45 

4  40 

4  35 

4  30 

4  25 

4  20 

4  15 

4  10 

4  5 

0 

—  5 

—  10 

—  15 

—  20 

—  25 

—  30 

—  35 

—  40 

—  50 

—  60 

—  70 

—  80 
—  90 

—  .20 

—  .20 

—  .17 

—  .  11 

—  .01 

00 

—  .01 

—  .07 

—  .  15 

—  .18 

—  .14 

—  .06 
—  .06 

—  .15 

—  .24 

—  .27 

—  .28 

—  .24 

—  .17 

—  .04 
4  .07 
4  .25 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

—  .33 

4  -51 
4  .51 
4  .51 

4  .51 
4  .51 
4  .51 

4  .51 
4  .51 
4  .51 

4  .51 
4  .51 
4  .51 

4  .51 
4  .51 
+  .51 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

4  .48 
4-  .  75 

A.  R. 

a  oi 
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£ 

c 

to 

CO'  © 

CO  _ 

** 

© 

dd 

O 

© 

CD 
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to 

co 

CD 

CP 

CO 

CO 

CD 

Ph 

00 

to 

s 

CO 

CO 

dd 

w 

cd 

dd 

pq 

o 

©  • 

IS 

g+ 

o  ® 

eq  ~ 

A.E. 

ft. 

// 

// 

// 

// 

n 

n 

// 

// 

ft. 

0 

—  .  12 

—  .  12 

—  05 

4-  01 

.  05 

—  .  15 

12 

1 

—  .  17 

—  .  17 

00 

4-  .05 

00 

—  .07 

13 

2 

—  .21 

—  .21 

4-  .  05 

4-  .  09 

4  .05 

4  .02 

14 

3 

—  .23 

—  .23 

4-  .10 

4  . 12 

4  . 10 

4  .11 

15 

4 

—  .24 

—  .24 

4-  .  14 

4  . 15 

4  . 14 

4  .19 

16 

5 

—  .24 

—  .24 

4-  .  17 

4-  .  16 

4-  .  17 

4  .26 

17 

G 

—  .21 

—  .21 

4-  .20 

4  . 17 

4-  .20 

4  .31 

18 

—  .18 

—  .  18 

4-  .20 

4  . 16 

4  .20 

4  .34 

19 

8 

—  .13 

—  .  13 

4-  .  19 

4  . 14 

4  . 19 

4-  .34 

20 

9 

—  .07 

—  .07 

4-  .17 

4-  .  12 

4-  .  17 

4  .33 

21 

10 

.00 

.00 

4-  •  14 

4  .08 

4  . 14 

4  .29 

22 

11 

4  .06 

4-  .06 

4-  .  10 

4-  .  04 

4  . 10 

4  .23 

23 

12 

+  .12 

4-  .12 

. 

4-  .0  5 

—  .01 

4  .05 

4  . 15 

24 

1 . 

i 

When  the  argument  is  12h  to  241*  the  signs  are  to  bo  reversed. 
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Recapitulation  of  systematic  corrections — Continued. 


6 

CO 

o 

1-1 

co 

P 

A 

Me  68. 

Gh  70. 

Wu  66,  tran¬ 
sit  circle,  (g) 

WTn  67  (to 

Jnnel), tran¬ 

sit.  circle,  {g) 

Wn  67  (after 

Jnnel).  tran¬ 

sit  circle,  (g) 

Wn  68,  tran¬ 

sit  ciicle.  ( g ) 

Wn  69,  tran¬ 

sit  circle,  (g) 

6 

o 

+  <J0 
+  83 
4-  80 
+  73 
4-  70 
4-  03 
+  00 
4-  33 
4-  50 

4-  45 
4-  40 
4-  35 

4-  30 
4-  25 
4-  20 

+  15 

4-  10 
+  5 

0 

—  5 

—  to 

—  15 

—  20 

—  25 

—  30 

—  35 

—  40 

—  50 

—  00 

—  70 

—  80 
—  90 

// 

+  .22 
4-  .47 
4-  .72 

4-  .94 
4-1.00 
4-  .90 

4-  .70 
4-  .44 
4-  .18 

—  .04 

—  .23 

—  .37 

—  .47 

—  .54 

—  .55 

—  .52 

—  .47 

—  .43 

—  .43 

—  .43 

—  .43 

—  .39 

—  .30 

—  .  18 

—  .05 

// 

00 

00 

00 

-  .01 

—  .05 

—  .  10 

—  .17 

—  .22 

—  .25 

—  .20 
—  .26 
—  .26 

—  .26 
—  .26 
—  .26 

—  .25 

—  .23 

—  .  19 

—  .12 
—  .05 
4-  .03 

+  -11 

// 

[+1.25] 

[4-1.00] 
[+  .67] 
+  .48 

+  -11 

—  .08 

—  .15 

—  .  15 

—  .15 

—  .15 

—  .16 
—  .18 
—  .21 

—  .26 

—  .30 

—  .32 

—  .36 

—  .38 

—  .40 

—  .34 

—  .  22 
—  .12 
—  .05 

.00 

a 

00 

—  .  09 

—  .  15 

—  .20 

—  .25 

—  .30 

—  .34 

—  .37 

—  .40 

—  .41 

—  .42 

—  .42 

—  .37 

—  .33 

—  .33 

—  .40 

—  .52 

—  .65 

—  .80 
—1.00 
—1.20 

—1.43 
—1.  66 
—1.  93 

[-2.20] 

// 

—  .29 

—  .21 
—  .  12 

00 

+  .  12 
+  .24 

+  .38 
+  .52 
+  .64 

+  .76 
4-  .87 
4-  .98 

+1.09 
+  1.20 
+1.30 

+1.  40 
+1.49 
4-1.57 

+1.64 
+1.70 
+  1.76 

+1.84 
+1.95 
+2. 09 

+2.  25 
+2.  43 

tt 

+  .20 
+  .23 
+  .28 

+  .33 
+  .38 
+  .43 

+  .48 
+  .52 
+  .54 

+  .55 
+  .  55 
+  .54 

+  .52 
+  .51 
+  .50 

+  .47 
+  .43 
+  .39 

+  .34 
+  .29 
+  .24 

+  .21 
+  .22 
+  .26 

+  .33 
+  .43 

tt 

+  .54 
+  .57 
+  .62 

+  .67 
+  .72 
+  -77 

+  .82 
+  .86 
+  .88 

+  .89 
+  .89 
+  .68 

+  .86 
4-  .85 
4-  .84 

+  .81 
+  -77 
+  .73 

+  .68 
+  .63 
+  .57 

+  .55 
+  .56 
+  .60 

+  .67 
+  .77 

// 

—  .  14 

—  .18 
—  .21 

—  .22 
—  .22 

—  .23 

—  .22 
—  .20 
—  .21 

—  .22 
—  .22 

—  .23 

—  .23 

—  .23 

—  .21 

—  .21 

—  .  19 

—  .  19 

—  .19 

—  .19 

—  .  14 

—  .09 

00 

+  .13 

+  .29 
+  .49 

It 

—  .15 

—  .12 
—  .08 

—  .02 
+  .03 
+  .07 

+  +2 
8  .17 
+  .19 

+  .  19 

+  .20 
+  .19 

+  -17 
+  .16 
+  -14 

+  .11 
+  .08 
+  .03 

—  .01 

—  .07 

—  .  12 

—  .15 

—  .  14 

—  .  10 

—  .03 
+  .08 

o 

+  90 
+  85 
+  80 

+  '5 
-f  70 
-j-  65 

4-  60 
+  55 
+  50 

+  45 
4-  40 
+  35 

+  39 
4-  25 
+  20 

+  15 
4-  10 
+  5 
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—  5 

—  10 

—  15 

—  20 

—  25 

—  30 

—  35 

—  40 

—  50 

—  60 

—  70 

—  80 
—  90 
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1 

When  the  argument  is  I2b  to  24h  the  signs  are  to  be  reversed. 
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Recapitulation  of  systematic  corrections — Continued. 


<5 

Wn  70,  tran¬ 
sit  circle,  (h) 

Wn  71  and 
Wn  72,  tran¬ 
sit  eircle.(/<) 

Wn  73,  tran¬ 

sit  circle,  (/i) 

Wn  74,  tran¬ 

sit  circle,  (h) 

Wn  06  to  Wn 

71,  mural. 

Wn  72  and 

Wn  73,  mu¬ 

ral. 

d 

0 

© 

Ph 

oi 

0 

© 

Ph 

Tf 

O 

© 

Ph 

<5 

o 

// 

// 

// 

//  „ 

.  u .  ~ 

O 

4-  90 

CO 

00 

00 

4  .07 

00 

4  .45 

00 

00 

4  .40 

4  90 

4  8.') 

00 

00 

00 

—  .04 

00 

4  .45 

—  .26 

—  .  17 

4  .26 

4  85 

+  80 

00 

00 

00 

—  .  14 

00 

4  .45 

—  .48 

—  .34 

4  .13 

4  80 

4  75 

00 

00 

4  .02 

—  .24 

00 

4  .45 

—  .66 

—  .50 

00 

4  75 

4  70 

00 

00 

4  .04 

—  .33 

—  .14 

4  .31 

—  .86 

—  .63 

-  .13 

4  70 

4  05 

00 

00 

4  .07 

—  .41 

—  .  25 

4  .20 

—1.03 

—  .73 

—  .26 

4  65 

4  00 

.00 

.00 

4  -10 

—  .49 

-  .37 

4  .08 

—1.21 

—  .81 

—  .40 

4  60 

-f  55 

—  .03 

—  .05 

4  .14 

—  .56 

—  .43 

4  .02 

—1.36 

—  .87 

—  .55 

“f*  t)0 

4  to 

—  .00 

—  .10 

+  .18 

—  .62 

—  .50 

—  .  05 

—  1.49 

—  .90 

—  .70 

4  50 

4  45 

—  .09 

—  .16 

4  .24 

—  .68 

—  .57 

—  .12 

—1.56 

—  .90 

—  .75 

4  45 

4  40 

—  .23 

—  .22 

4-  .46 

—  .40 

—  .62 

—  .  17 

—1.60 

—  .90 

—  .80 

4  40 

4  35 

—  .41 

—  .26 

+  -75 

—  .03 

—  .06 

—  .21 

—1.60 

—  .85 

—  .74 

4  35 

-L-  30 

—  .45 

—  .30 

4  .88 

00 

—  .70 

-  .25 

—1.52 

—  .85 

—  .62 

4  30 

+  25 

—  .40 

—  .33 

4  .93 

00 

—  .73 

—  .28 

—1.51 

—1.00 

—  .55 

4  25 

+  20 

—  .47 

—  .34 

4  .96 

00 

—  .75 

—  .30 

—1.60 

—1.20 

—  .50 

4  20 

4  15 

—  .47 

—  .33 

4  .98 

00 

—  .75 

—  .30 

—1.68 

—1.23 

—  .50 

4  15 

4  io 

—  .47 

—  .32 

4  .99 

00 

-  .  /D 

—  .30 

—1.67 

—1.20 

—  .42 

4  10 

4  5 

—  .40 

—  .31 

41.00 

00 

—  .70 

—  .25 

—1.54 

—  .87 

—  .20 

4  5 

0 

—  .41 

—  .30 

41.03 

CO 

—  .59 

—  .  14 

—1.14 

—  .38 

4  .25 

0 

—  5 

—  .  36 

—  .29 

41.11 

00 

—  .44 

4  .01 

—  .78 

—  .10 

4  .48 

—  5 

—  10 

—  .31 

—  .27 

41.  19 

00 

—  .  *25 

4  .20 

—  .59 

4  .02 

4  .56 

—  10 

—  .31 

—  .25 

41  28 

-1-  04 

—  .43 

4  .09 

4  .56 

—  15 

—  20 

—  .31 

—  .23 

41.  36 

4  .16 

. 

. 

—  .30 

4  .13 

4  .58 

—  20 

25 

—  .31 

—  .21 

41  45 

-1-  .29 

—  .20 

4  . 16 

4  .65 

—  25 

—  30 

—  .31 

—  .19 

41.53 

- 1 -  .42 

—  .10 

4  .18 

-{-  •  J  2 

—  30 

—  35 

—  .31 

—  .  17 

4 .53 

—  35 

—  40 

—  .31 

—  .  15 

—  40 

—  50 

—  50 

—  00 

—  60 

—  70 

—  70 

—  80 

—  so 

—  90 

—  90 

o 

0 

"fl 

fl  . 

-4-3  . 

fl  _  . 

A.  R. 

O 

c-  fl 

cc 

j> 

®  a 

u~  fl 

N 

CO 

A.  R. 

fl 

fl 

fl 

O 

O 

0 

pS 

£ 

is 

is 

is 

is 

K 

M 

h. 

n 

n 

// 

n 

// 

// 

/' 

// 

// 

h. 

0 

12 

1 

13 

2 

14 

3 

15 

4 

16 

5 

17 

6 

18 

7 

19 

8 

20 

9 

21 

10 

22 

11 

23 

12 

24 

When  the  argument  is  12h  to  24h  the  signs  are  to  be  reversed. 
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Recapitulation  of  systematic  corrections — Continued. 


<5 

co 

© 

Ro  66. 

£ 

© 

GO 

co 

© 

o 

co 

© 

Re  70. 

y-* 

© 

’Si  9JI 

co 

© 

6 

o 

+  90 
4-  85 
+  80 

+  75 
+  70 
+  65 

4-  60 
+  55 
+  50 

4-  45 
+  40 
+  35 

4-  30 
4  25 
+  20 

4  15 
4  10 
+  5 

0 

—  5 

—  10 

—  15 

—  20 

—  25 

—  30 

—  35 

—  40 

—  50 

—  60 

—  70 

—  80 
—  90 

// 

4  .10 
+  .  27 
+  .38 

+  .41 
4  .40 
4  .31 

+  .20 
4-  .08 

—  .03 

—  .10 

—  .14 

—  .18 

—  .18 
—  .18 
—  .21 

—  .33 

—  .42 

—  .26 

4-  .13 
-f  .40 
+  .53 

+  .62 
4-  .80 
+  .90 

+1. 00 

ii 

4  .74 
41.00 
+1.26 

41.43 

+1.50 

+1.41 

+1.21 
+  .96 
+  .60 

+  .47 
+  .20 
—  .02 

—  .14 

—  .30 

—  .51 

—  .88 
—1.06 
—1.11 

—  .93 

—  .91 
— 1. 06 

—1.30 

—1.57 

—1.83 

—2.10 

"oo 

00 

00 

00 

00 

00 

00 

—  .10 
—  .22 

—  .37 

—  .46 

—  .48 

—  .47 

—  .49 

—  .58 

—  .73 

—  .88 
— 1.  00 

—  .88 

—  .74 

—  .79 

—  .89 
—1.05 
—1.22 

—1.40 

//  „ 

+  .10 
+  .15 
+  .  18 

+  .19 
+  .20 
+  .18 

+  .13 
+  .08 
00 

-  .06 
—  .10 

—  .09 

+  .03 
+  .12 
+  .07 

—  .06 
—  .10 
—  .10 

—  .10 
—  .20 

—  .35 

—  .51 

—  .67 

—  .83 

—1.00 

II 

00 

00 

00 

—  .03 

—  .06 
—  .12 

—  .23 

—  .30 

—  .34 

—  .32 

—  .27 

—  .28 

—  .28 

—  .33 

—  .48 

—  .62 
—  .  66 

—  .56 

—  .47 

—  .40 

—  .40 

—  .40 

—  .40 

—  .  35 

—  .30 

n 

+  .10 
+  .13 
+  -17 

+  .  19 
+  .20 
+  .19 

+  .17 
+  .12 
+  .11 

—  .01 
—  .22 

—  .50 

—  .63 

—  .  65 

—  .40 

00 

+  .26 
+  .20 

00 

—  .  25 

—  .50 

—  .  65 

—  .80 
—  .90 

—1.00 

n 

+  .23 
+  .27 
+  .31 

+  .36 
+  .40 
+  .42 

+  .44 
+  .41 
+  •  35 

+  .23 
+  .  10 
—  .10 

—  .27 

—  .  25 

—  .10 

+  .20 
+  .40 
+  .36 

+  .18 
+  .02 
—  .11 

—  .24 

—  .34 

—  .42 

—  .50 

// 

+  .17 
+  .24 
+  .32 

+  .40 
+  .48 
+  .50 

+  .51 
+  .49 
+  .42 

+  .33 
+  .15 

—  .07 

—  .21 

—  .17 
+  .08 

+  .32 
+  .44 
+  .40 

+  .30 
+  .  18 
+  .07 

—  .02 
—  .11 
—  .20 

—  .28 

"oo 

+  .21 
+  .39 

+  .52 
+  .67 
+  .80 

+  .86 
+  .82 
+  .70 

+  .47 
+  .21 
—  .02 

—  .13 

—  .06 
+  .10 

+  .21 
+  .23 
+  -11 

—  .09 

—  .26 

—  .34 

—  .  35 

—  .30 

—  .25 

—  .20 

o 

+  90 
+  85 
+  80 

+  75 
+  70 
+  65 

+  60 
+  55 
+  50 

+  45 
+  40 
+  3o 

+  30 
+  25 
+  20 

+  10 
+  15 
+  5 

0 

—  5 

—  10 

—  15 

—  20 

—  25 

—  30 

—  35 

—  40 

—  50 

—  60 

—  70 

—  80 
—  90 

A.R. 

IO 

CO 
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CO 

CO 

© 

& 

© 

00 

CO 

© 

O 

CO 

© 

o 

© 

© 

c* 

© 

CO 

© 

A.  R. 

h. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

// 

// 

// 

// 

// 

// 

// 

// 

// 

h. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

When  the  argument  is  12h  to  24h  the  signs  are  to  he  reversed. 


For  general  explanation  see  Sections  VIII.  and  X. 

Notes. — In  a  few  cases  the  corrections  of  the  table  are  only  applicable  to  declinations  by  direct  obser¬ 
vations  above  the  pole.  For  these,  where  it  is  thought  to  be  worth  while,  the  corrections  to  declina¬ 
tions,  as  they  result  from  observations  below  the  pole,  are  given  in  the  following  table. 
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For  observations  below  the  pole. 


4 

Ce  36  and 
Ce  37. 

Eh  41. 

Eh  42. 

Eh  43. 

Eh  44. 

Wn  45. 

Ce  45  to 
Ce  51. 

Wn  61  and 
Wn  62. 

<5 

0 

+  90 
+  85 
+  80 

+  75 
+  70 
+  65 
-f-  60 

a 

+  .09 
-t-  .09 
+  .09 

+  .09 
+  .02 

—  .09 

—  .23 

ii 

—  .23 

—  .  17 
+  .01 

+  .13 

// 

+  .94 
+1.  06 
+1. 16 

+1.24 

// 

—1.29 

—1.36 

—1.39 

—1.37 

// 

+  .36 
+  .37 
+  .37 

+  .34 

ii 

+  .35 
+  .39 
+  .40 

+  .39 
+  .35 

// 

+  .43 
+  .43 
+  .43 

// 

+  .76 
+  .79 
+  .80 

o 

+  90 
+  85 
+  80 

+  75 
+  70 
+  65 
+  60 

<5 

Wn  63  to 
Wn  65. 

Washington  transit  circle. 

<5 

Wn  66. 

Wn  67  (be¬ 
fore  June  1). 

Wn  67  (after 
June  1.) 

Wn  68. 

Wn  69. 

Wn  74. 

o 

+  90 
+  85 
+  80 

+  75 
+  70 

n 

+  .55 
-(-  •  58 
+  .59 

+  .58 
+  .55 

// 

+  .29 
+  .36 
-f  .44 

+  .53 
+  .62 

a 

—  .20 
—  .16 
—  .11 

—  .03 
+  .06 

a 

—  .54 

—  .50 

—  .  45 

—  .37 

—  .28 

// 

+  -14 
+  .  10 
+  .07 

+  .06 
+  .05 

n 

+  .15 
+  .19 
+  .25 

+  .33 
+  .41 

// 

—  .07 

—  .17 

—  .28 

—  .38 

—  .48 

o 

+  90 
+  85 
+  80 

+  75 
+  70 

These  corrections  are  in  the  cases  of  Ce  36  to  Ce  37,  Wn  45,  Ce  45  to  Ce  51,  Wn  61  and  Wn  62,  and 
Wn  63  to  Wn  65,  derived  merely  by  the  addition  of  a  constant  to  the  correction  for  declinations  above 
the  pole. 

(a)  Correctione8  ullimm,  pp.  351  to  371  cf  Struve’s  Pos.  Med.  (1830)  must  he  added  for  each  star  to 
the  correction  of  Dt  24,  in  order  to  make  it  applicable  to  Dt  30. 

(5)  Ee  45.  The  corrections,  with  reversed  signs,  pp.  viii  to  si  Int.  to  Eadcliffe  catalogue  for  1845 
must  be  added. 

(c)  The  curve  southward  from  —  10°  is  probably  very  near  Ms  35  —  0".4. 

(d)  Ee  58.  The  correction,  pp.  xviii  and  six  Int.  to  second  Eadcliffe  catalogue,  must  he  added,  with 
reversed  signs. 

(e)  Me  62.  The  important  effect  of  the  correction  given  in  the  table,  pp.  xxii  to  xxiv,  introduction 
to  the  catalogue,  varies  too  rapidly  to  he  included  here.  The  two  corrections  must  therefore  he  added. 

(/)  Observations  taken  from  Bonn  Beob.  Bd.  vi  require  the  further  correction  given  in  Int.,  p.  xiv. 

( 0 )  The  corrections  to  Wn  66-69  (transit  circle)  are  applicable  to  the  mean  declinations  of  the 
detailed  observations  after  these  have  been  corrected  for  division  error  only.  The  effect  of  the  latter 
might  have  been  included;  but  greater  accuracy,  in  interpolating,  results  from  the  above  course. 

(A)  Applicable  to  declinations  of  the  catalogues. 
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Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

dPa 

dP 

A<5 

A  fj.' 

h.  m.  8. 

8 . 

8. 

// 

// 

1 

4 

a 

Andromedae . 

1 

0  01  55.  8 

+  3.089 

“f* 

18 

—  .43 

—  .99 

2 

7 

i3 

Cassiopeae . 

2.5 

02  31. 1 

+  3. 162 

+ 

54 

—  .07 

+  .81 

3 

26 

y 

Pegasi . 

2 

06  48.  0 

+  3.082 

10 

—  .41 

—  .45 

*4 

46 

6 

10  15.1 

-f-  3. 183 

+ 

60 

-J-  .  35 

+2.  24 

*5 

67 

P 

Andromedae . 

5.5 

14  32.  4 

-)-  3. 141 

+ 

26 

—  .36 

—1.60 

6 

88 

13 

Hydri . 

3 

19  09. 1 

4-  3.2C6 

_ 

154 

—  .11 

—1.30 

*7 

120 

6 

24  47.6 

-j-  3.  116 

-4- 

24 

— 1  15 

— 8.  30 

8 

126 

K 

Cassiopese . 

4 

25  54.  5 

4-  3.358 

+ 

70 

+  .78 

+  .23 

9 

153 

C 

Cassiopeae . 

4 

30  01.  0 

+  3.309 

+ 

49 

—  .  10 

—  .14 

10 

155 

7 r 

Andromedae . 

4.5 

30  12.5 

+  3. 188 

+ 

24 

+  .98 

+  .30 

11 

166 

(5 

Andromedm . 

3 

32  38. 8 

-f  3. 192 

+ 

22 

+  .35 

+1.  45 

12 

169 

a 

Cassiopeae . 

3 

33  25. 5 

4-  3.366 

+ 

55 

—  .01 

-  .17 

*13 

175 

6 

34  37.5 

+  3.  510 

+ 

87 

+  .51 

+1.  72 

14 

196 

13 

Ceti . 

2.5 

37  18.8 

+  3.012 

6 

—  .03 

+  .49 

15 

194 

21 

Cassiopeae . 

5.5 

37  25. 6 

+  3.  834 

+ 

160 

+1. 11 

+2.  43 

*16 

198 

0 

Cassiopeae . 

5.5 

37  45.9 

+  3.314 

+ 

41 

—  .22 

—  .47 

17 

215 

f 

Andromedae . 

4 

40  43.  0 

4-  3. 169 

+ 

18 

+  .79 

+2.72 

18 

218 

V 

Cassiopeae . 

4 

41  32.8 

+  3.581 

4* 

64 

+  .43 

+1.35 

*19 

219 

V 

Cassiopeae . 

5 

41  45.5 

+  3.367 

+ 

46 

+  .97 

+1.34 

*20 

239 

5.5 

45  37. 5 

+  3.530 

H” 

71 

+  .50 

+1.44 

21 

253 

y 

Cassiopeae . 

3 

49  10.7 

+  3.566 

+ 

71 

+  .26 

+1.57 

*22 

259 

p 

Andromedae . 

4 

49  49. 2 

+  3.304 

+ 

30 

—  .  35 

—  .86 

23 

288 

E 

Piscitim . 

4 

56  27.  4 

+  3. 109 

+ 

09 

—  .44 

—  .37 

*24 

(LL.  1985)  . 

1  02  25.9 

4-  3.966 

4- 

113 

+  .60 

+1.  70 

25 

334 

(3 

Andromedae . 

2 

02  44.  3 

+  3.340 

+ 

29 

—  .51 

—2.  63 

*26 

345 

82 

Piscium . 

5.5 

04  13.4 

+  3.291 

+ 

25 

+  .47 

+1.  36 

27 

395 

V 

Piscium  . . 

5.5 

12  36.  0 

+  3.283 

+ 

22 

-  .37 

—1.15 

28 

360 

a 

Ursae  Minoris . 

2 

13  00. 2 

+20.  868 

+15068 

+  .02 

—  .26 

*29 

401 

91 

Piscium . . . 

6 

14  12.9 

+  3.301 

+ 

23 

—  .46 

—  .71 

30 

416 

<5 

Cassiopeae . 

3 

17  39.  3 

+  3.870 

+ 

79 

+  .02 

+  .34 

31 

420 

ei 

Ceti . . 

3 

17  46.5 

+  2.  998 

"f* 

02 

+  .01 

—  .53 

*32 

438 

38 

Cassiopeae . . . 

5 

21  57.4 

+  4.  357 

+ 

144 

—  .87 

—2.  86 

33 

447 

y 

Phenicis . 

3 

22  56.  1 

+  2. 612 

13 

—  .48 

—3. 58 

34 

453 

V 

Piscium . 

4 

24  47.  7 

+  3.199 

+ 

14 

—1.15 

—2.54 

*35 

474 

6 

28  49. 2 

+  3.630 

+ 

48 

—  .25 

+  .20 

*36 

487 

51 

Andromeda . 

3.5 

30  19.6 

+  3.648 

+ 

48 

—  .17 

+  .61 

37 

507 

a 

Eridani . 

1 

33  03.  3 

+  2.240 

13 

—  .00 

—1.74 

*38 

522 

54 

Andromedae . 

4 

35  50.  2 

+  3.726 

+ 

53 

—  .58 

-2.  49 

39 

537 

0 

Piscium . 

5 

38  47.  7 

+  3. 162 

11 

—  .57 

—1.  17 

*40 

560 

2 

Persei . 

6 

44  13.1 

+  3.781 

+ 

54 

+  .61 

+  .61 

41 

564 

e 

Cassiopeae . 

3 

45  25.  4 

+  4.245 

99 

+  .09 

—  .47 

42 

5(  >9 

a 

Trianguli . 

3.5 

45  57.  6 

+  3.403 

+ 

25 

+  .23 

+  .53 

43 

577 

13 

Arietis . 

3 

47  44.2 

+  3.301 

18 

—  .53 

—1.40 

44 

600 

50  Cassiopeae  .  . . 

4 

52  47.  9 

+  4.984 

+ 

186 

+1.06 

+2.  35 

*46 

611 

53  Cassiopeae _ _ _ 

6 

53  46.  4 

+  4.365 

4* 

11 

+  .45 

+  .95 

Number, 
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for  the  epoch  1875.0. 


Declination, 


o 

! 

1 

+ 

28 

24 

2 

+ 

58 

27 

3 

+ 

14 

29 

*4 

+ 

60 

50 

*5 

4- 

37 

16 

6 

_ 

77 

57 

*7 

+ 

32 

53 

8 

+ 

62 

14 

9 

+ 

53 

12 

10 

+ 

33 

01 

11 

30 

10 

12 

+ 

55 

51 

*13 

+ 

65 

27 

14 

18 

40 

15 

+ 

74 

18 

*16 

+ 

47 

35 

17 

+ 

23 

35 

18 

+ 

57 

09 

*19 

+ 

50 

17 

*20 

+ 

60 

26 

21 

+ 

60 

02 

*22 

+ 

37 

49 

23 

+ 

7 

12 

*24 

-i- 

67 

06 

25 

+ 

34 

57 

*26 

+ 

30 

45 

27 

+ 

26 

36 

28 

“f" 

88 

38 

*29 

+ 

28 

05 

30 

+ 

59 

35 

31 

_ 

8 

49 

*32 

+ 

69 

37 

33 

43 

57 

34 

+ 

14 

42 

*35 

+ 

48 

05 

*36 

+ 

47 

59 

37 

57 

52 

*38 

+ 

50 

03 

39 

+ 

8 

31 

*40 

+ 

50 

10 

41 

+ 

63 

03 

42 

+ 

28 

58 

43 

+ 

20 

11 

44 

+ 

71 

48 

*45 

4- 

63 

47 

1875.0. 

Probable  error 
of  <5,  1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  armual  va¬ 

riation. 

d-d 

di 2 

5 

di. 3 

Proper  motion 

in  (5. 

// 

00.  79 

// 

.06 

26 

// 

4-  19.8866 

// 

.0021 

// 

—  124 

// 

—  102 

// 

—  .1669 

36.  63 

.12 

6 

+  19.8601 

.  0036 

—  140 

—  109 

—  . 1929 

18.  67 

.06 

24 

-f  20.  0269 

.0022 

—  220 

—  101 

—  .0185 

18.60 

.35 

1 

+  20.0365 

.0102 

—  294 

—  Ill 

+  .  0024 

33. 11 

.10 

8 

+  19.9469 

.0050 

—  376 

—  109 

—  .  0070 

30. 11 

.26 

1 

+  20.2912 

.0099 

—  456 

—  114 

-f  . 3070 

28. 25 

.29 

1 

+  19.8780 

.015 

—  584 

—  107 

—  .  059 

29.  68 

.21 

2 

-f  19.9227 

.0057 

—  638 

—  130 

—  .0077 

30.  94 

.  13 

5 

+  19.8621 

.0041 

—  716 

—  124 

—  .  0204 

50.  98 

.22 

2 

+  19.8723 

.0057 

—  697 

—  Ill 

—  .  0080 

35.  27 

.19 

3 

+  19.7476 

.  0055 

—  748 

—  Ill 

—  . 1035 

05. 12 

.07 

20 

+  19.8006 

.  0022 

—  800 

—  130 

—  . 0407 

41.66 

.24 

2 

-f  19.8050 

.0111 

—  038 

—  856 

—  .  0208 

23.  23 

.07 

16 

+  19.8139 

.  0033 

—  800 

—  93 

+  .  0249 

15.  68 

.  12 

6 

+  19.7667 

.0048 

—  991 

—  191 

—  . 0207 

59.  48 

.12 

6 

-f  19.7748 

.0048 

—  877 

—  124 

—  .0077 

12.69 

.  17 

3 

+  19.6648 

.0058 

—  900 

—  108 

-  . 0738 

08.  23 

.  11 

7 

+  19.2481 

.0037 

—  1071 

—  155 

—  . 4775 

09.  37 

.27 

1 

+  19.6957 

.0070 

—  974 

—  129 

—  . 0266 

17.  35 

.26 

1 

+  19.8186 

.0081 

—  1100 

—  149 

-f  .  1604 

21. 50 

.10 

9 

+  19.5780 

.0041 

—  1191 

—  153 

—  .0163 

14.69 

.  12 

7 

+  19.5897 

.0048 

—  1121 

—  122 

+  . 0074 

59.  93 

.07 

17 

+  19.4721 

.0035 

—  1188 

—  101 

+  .  0233 

43.  88 
26.  09 

.10 

10 

+  19.3167 
+  19.1852 

.0034 

—  1655 

—  1406 

—  205 

—  125 

+  .002 
—  .1223 

33.  94 

.33 

1 

+  19.2696 

■ . 0124 

—  1411 

—  119 

—  .0024 

22.  53 

.  16 

3 

+  19.0389 

.0054 

—  1574 

—  117 

—  .  0175 

33.  86 

.03 

93 

+  19.0458 

.0010 

—  9670 

—11308 

-f  .  0004 

03. 38 

.24 

1 

+  18.9158 

.0060 

—  1613 

—  119 

—  . 0961 

04.92 

.  13 

5 

+  18.6594 

.0039 

—  1978 

—  188 

—  . 0546 

44.  34 

.07 

17 

+  18. 6'.'02 

.0033 

—  1534 

—  90 

—  .  2203 

12.  89 

.  17 

3 

+  18.7100 

.  0057 

—  2318 

—  261 

—  .  0756 

32.  48 

.30 

1 

+  18.5496 

.0105 

—  1427 

—  60 

+  .1342 

02.  65 

.08 

16 

+  18.6898 

.  0035 

—  1768 

—  107 

—  . 0074 

00.  32 

.30 

1 

+  18.5480 

.0098 

—  2083 

—  155 

—  .  0190 

38.  47 

.  11 

7 

-f  18.3978 

.0036 

—  2125 

—  156 

—  .1189 

20.  30 

.22 

2 

-f  18.3763 

.0086 

—  1375 

—  40 

—  . 0474 

28.61 

.  10 

9 

4-  18.2954 

.0040 

—  2282 

—  164 

—  . 0309 

39.  81 

.09 

12 

+  18.2459 

.  0037 

—  2009 

—  102 

-f-  .  0263 

25. 57 

.33 

1 

-f  17.9714 

.0068 

—  2496 

—  168 

—  .0449 

11.63 

.11 

8 

-|-  17.9450 

.0034 

—  2828 

—  234 

—  .  0247 

08. 16 

.20 

2 

+  17.7131 

.  0058 

—  2291 

—  125 

—  .2357 

45.  94 

.07 

19 

4-  17.7609 

.0035 

—  2262 

—  113 

—  .  1180 

53.  84 

.  10 

10 

4-  17.6975 

.0036 

—  3503 

—  357 

+  .  0235 

06.78 

.32 

1 

4-  17.6469 

.0079 

—  3108 

-  248 

4-  .  0135 

38 
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Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

di2 

A<S 

A/j.' 

46 

628 

y 

Andromedse . 

3 

h.  VI.  8. 

1  56  13.9 

s. 

+  3.652 

+ 

39 

II 

+  .34 

II 

+  .46 

47 

648 

a 

Arietis . 

2 

2  00  07.  8 

+  3.368 

+ 

2  l 

—  .35 

—  .  75 

*48 

656 

p 

Trianguli . 

4 

02  06.  7 

+  3.550 

+ 

30 

—  .32 

—  .16 

49 

684 

Ceti . 

5 

06  22. 5 

+ 

5. 170 

+ 

12 

—  .20 

—  .43 

*50 

744 

L 

Cassiopese . 

4 

18  47. 5 

+  4.844 

4" 

131 

—  .03 

+  .77 

*51 

752 

n 

Trianguli . 

6.5 

20  03.  8 

+  3.535 

+ 

27 

—  .42 

+  .07 

52 

760 

f2 

Ceti . 

4 

21  30.9 

+  3. 181 

4- 

12 

—  .  16 

+  .28 

53 

777 

5.5 

26  11.4 

+  5.553 

+ 

200 

+  .36 

+1.57 

*54 

825 

P 

Arietis . 

6 

35  19.  3 

-f  3.370 

+ 

18 

—  .26 

—  .22 

55 

827 

0 

Persei . 

4 

35  40. 2 

+  4.061 

+ 

51 

+1. 14 

+  1.29 

56 

837 

72 

Ceti . 

3 

36  49.  5 

+ 

5. 103 

+ 

9 

—  .56 

—  .45 

57 

863 

V 

Persei . 

4 

41  35.5 

+  4.333 

4- 

68 

+  .66 

+3. 10 

58 

872 

41 

Arietis . 

3 

42  37.  8 

+  3.514 

+ 

23 

—  .69 

+  .15 

59 

885 

r 

Persei  . . 

5 

45  24.  3 

+  4.212 

4- 

58 

—  .08 

+  .46 

*60 

896 

6 

49  33.  8 

+  7.  668 

+ 

457 

+  .55 

+2. 19 

61 

937 

ei 

Eridani . 

3.5 

53  31.2 

+  2.274 

+ 

7 

—  .43 

—1.35 

62 

949 

a 

Ceti . 

2.5 

55  44.  8 

+  3. 129 

+ 

10 

—  .17 

+  .21 

63 

947 

y 

Persei . 

3.5 

55  45.  3 

+  4.307 

+ 

59 

+  .49 

+1. 17 

64 

953 

p 

Persei . 

4 

57  10.3 

+  3.821 

+ 

33 

—  .41 

—1.27 

65 

963 

P 

Persei . 

2.5 

3  00  02.  4 

+  3.878 

+ 

35 

—  .07 

—1.62 

66 

962 

t 

Persei . 

4 

00  03. 3 

+  4.294 

4- 

52 

+  .23 

—1.18 

*67 

979 

5.5 

04  32. 1 

+  7. 360 

+ 

353 

+  .48 

+  1.41 

*68 

999 

? 

Arietis . 

5 

07  43. 1 

+  3.436 

+ 

18 

—  .23 

—  .  32 

*69 

1029 

60  Arietis . 

7 

13  01.2 

+ 

5. 542 

20 

—  .24 

+  .34 

70 

1043 

a 

Persei . 

2.5 

15  24.  4 

+  4.249 

+ 

48 

—  .04 

+  .56 

71 

1057 

0 

Tauri . 

4.5 

18  05.  3 

+  3.221 

+ 

11 

—  .22 

—  .55 

72 

106i 

5 

Tauri . 

4 

20  23.  8 

4-  3.244 

4- 

12 

+1.  52 

+  .  77 

*73 

1067 

6 

21  33.3 

4-  6.430 

+ 

204 

+  .68 

+2.78 

*74 

1101 

6.5 

27  51.  4 

4-  3.708 

+ 

24 

+  .12 

+  .90 

75 

1129 

6 

Persei . 

3 

34  01.8 

4-  4.241 

+ 

41 

—  .30 

—  .08 

*76 

1127 

6 

34  12.7 

+  5.600 

+ 

116 

—  .  13 

+  .30 

77 

1166 

V 

Tauri . 

3 

40  03.4 

+  3.555 

+ 

18 

—  .37 

—  .78 

78 

1207 

C 

Persei . 

3.5 

46  16.6 

-f  3.757 

22 

—  .29 

—  .73 

*79 

1203 

5 

46  24.7 

+  5.242 

+ 

84 

—  .21 

—  .26 

*80 

1228 

f 

Persei . . . 

5 

50  51.5 

4-  3.873 

+ 

25 

—  .84 

—  .71 

81 

1234 

y1 

Eridani . . . 

2.5 

52  11.8 

+  2.794 

+ 

4 

—  .34 

+  .40 

*82 

1254 

7i 

Persei . 

4.5 

57  16.7 

-f  4.440 

+ 

42 

—  .  15 

-  .37 

83 

1235 

6 

57  58. 1 

+16.  853 

+1811 

+  .86 

+3.  28 

84 

1266 

48  Persei . . . 

5 

59  35.5 

+  4.331 

37 

—  .87 

—  .90 

*85 

1287 

u 

Persei . . . 

4.5 

4  05  43.  5 

+  4.380 

+ 

37 

+  .13 

+  .58 

86 

1328 

y 

Tauri . . 

3.5 

12  40.  9 

+  3.408 

11 

—  .88 

—2.  55 

87 

1376 

e 

Tauri . 

3.5 

21  19.1 

+  3.496 

"j" 

12 

—  .  13 

—1.  67 

88 

1420 

a 

Tauri . 

1 

28  45. 0 

"f"  * 

1.  436 

10 

—  .25 

—1.08 

89 

1456 

4 

Camelopard  i . 

5 

37  35.9 

+  4.969 

+ 

40 

+  .28 

+  .60 

90 

1474 

a 

Camelopardi . 

4 

41  38.0 

+  5.915 

+ 

69 

—  .24 

—2. 14 

Number. 
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for  the  epoch  1875.0 — Continued. 


Number. 

Declination, 

1875.0. 

Probable  error 

of  4, 1875. 

1  Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

d"i) 

ctt* 

cP6 
di 3 

Proper  motion 

a 

46 

o 

+  41 

/ 

43 

// 

43.  50 

// 

.13 

5 

+ 

// 

17.  4676 

// 

.0036 

// 

—  2663 

// 

149 

// 

.0624 

47 

+  22 

52 

13. 17 

.06 

25 

+ 

17.  2103 

.  0021 

—  2543 

— 

116 

— 

.  1515 

*48 

+  34 

23 

41.73 

.11 

7 

+ 

17.2248 

.  0037 

—  2714 

— 

136 

— 

.  0496 

49 

+  8 

15 

33.  55 

.  11 

8 

+ 

17.  0666 

.0040 

—  2492 

— 

97 

— 

.  0153 

*50 

-f  66 

50 

19.  27 

.  11 

7 

+ 

16.  4926 

.0043 

—  4097 

— 

310 

+ 

.0047 

*51 

+  31 

14 

19.  64 

.25 

1 

+ 

16.  3870 

.  0075 

—  3031 

_ 

129 

_ 

.0373 

52 

+  7 

53 

55.  03 

.08 

14 

+ 

16.  3369 

.  0036 

—  2758 

— 

95 

— 

.014  i 

53 

+  72 

16 

09. 56 

.  19 

3 

+ 

16. 1156 

.  0063 

—  4883 

— 

432 

+ 

.0047 

*54 

+  19 

28 

38.  91 

.22 

2 

+ 

15.  5662 

.0073 

—  3148 

— 

107 

.  0502 

55 

+  48 

41 

53.  24 

.20 

2 

+ 

15.  5050 

.0051 

—  3819 

— 

181 

— 

.0981 

56 

*4“  2 

42 

28. 16 

.08 

16 

+ 

15.  3820 

.0029 

—  2919 

_ 

85 

_ 

.  1575 

57 

-f  55 

22 

29.  46 

.23 

2 

+ 

15.  2466 

.  0065 

—  4166 

— 

213 

— 

.0260 

58 

+  26 

44 

37.79 

.  11 

7 

+ 

15.  0941 

.  0042 

—  3407 

— 

118 

— 

.  1195 

59 

+  52 

14 

56.  91 

.  13 

5 

+ 

15.  0427 

.0048 

—  4122 

— 

194 

— 

.0114 

*60 

-j-  78 

55 

16. 59 

.16 

4 

+ 

14.  8183 

.0053 

—  7610 

— 

904 

+ 

.0069 

61 

—  40 

48 

22.  63 

.29 

1 

+ 

14. 6222 

.0101 

—  2336 

_ 

45 

+ 

.  0465 

62 

+  3 

35 

52.  89 

.06 

22 

+ 

14.  3553 

.  0023 

—  3226 

— 

82 

.0859 

63 

+  53 

00 

54. 54 

.23 

2 

+ 

14.4384 

.0068 

—  4424 

— 

198 

— 

.  0023 

64 

+  38 

21 

15. 39 

.20 

2 

+ 

14.2417 

.0061 

—  3963 

— 

141 

— 

.  1127 

65 

+  40 

28 

20.  48 

.09 

12 

+ 

14. 1657 

.  0029 

—  4058 

— 

146 

— 

.  0122 

66 

+  49 

08 

01.33 

.21 

2 

+ 

14.  0-53 

.  0061 

—  4631 

_ 

193 

— 

.  0918 

*67 

+  77 

16 

19. 19 

.  11 

7 

+ 

13.  8452 

.0031 

—  7819 

— 

763 

— 

.0519 

*68 

+  20 

34 

46. 86 

.  11 

7 

13.  6107 

.  0042 

—  3716 

— 

101 

— 

.  0842 

*69 

4-  25 

12 

38.65 

.24 

2 

+ 

13.  2529 

.  0089 

—  3912 

— 

107 

— 

.0996 

70 

+  49 

24 

51.  43 

.08 

13 

+ 

13. 1625 

.  0030 

—  4725 

— 

175 

— 

.  0334 

71 

+  8 

35 

14.  68 

.  14 

5 

+ 

12.  9299 

.0048 

—  3624 

- - 

81 

— 

.0885 

72 

+  9 

17 

43. 17 

.  12 

6 

12.  8077 

.0044 

—  3688 

— 

82 

— 

.  0563 

*73 

+  72 

55 

12.  89 

.29 

1 

+ 

12.7748 

.  0121 

—  7273 

— 

502 

— 

.0112 

*74 

+  31 

15 

38.51 

.27 

1 

+ 

12.  3255 

.015 

—  4316 

— 

114 

— 

.031 

75 

+  47 

23 

08.  49 

.08 

13 

+ 

11. 8o28 

.0029 

—  5024 

— 

158 

— 

.  0438 

*76 

+  66 

48 

24.  09 

.21 

2 

+ 

11.8228 

.0079 

—  0642 

— 

329 

— 

.0910 

77 

4-  23 

43 

00.  57 

.07 

18 

+ 

11.4429 

.  0029 

—  4298 

— 

94 

— 

.  0558 

78 

+  31 

30 

37.56 

.09 

11 

+ 

11.0171 

.  0036 

—  4621 

— 

106 

— 

.  0313 

*79 

+  62 

42 

10.78 

.26 

1 

+ 

11.0480 

.0094 

—  6422 

— 

257 

+ 

.  0094 

*80 

+  35 

25 

46.51 

.20 

2 

+ 

10. 6936 

.0056 

—  4825 

— 

112 

— 

.0181 

81 

—  13 

51 

56.  04 

.08 

16 

+ 

10.4965 

.  0033 

—  3507 

— 

46 

— 

.1160 

*82 

+  50 

00 

34.57 

.  12 

6 

+ 

10. 1890 

.  0043 

—  5617 

— 

154 

— 

.  0437 

83 

+  85 

13 

20.  27 

.19 

3 

+ 

10.2135 

.0066 

—21219 

3786 

+ 

.0328 

84 

+  47 

22 

34.  67 

.23 

2 

*4" 

10.0150 

.0060 

—  5510 

— 

142 

— 

.  0430 

*85 

-f  48 

05 

21.69 

.22 

2 

+ 

9.  5579 

.  0057 

—  5652 

— 

139 

— 

.  0322 

86 

-f  15 

19 

26.  23 

.09 

11 

+ 

9.  0238 

.0040 

—  4486 

— 

67 

— 

.  0275 

67 

+  18 

54 

04.  44 

.08 

16 

+ 

8.  3258 

.  0039 

—  4679 

— 

06 

— 

.  0447 

88 

+  16 

15 

21.78 

.06 

26 

+ 

7. 5836 

.0021 

—  4658 

— 

58 

— 

.  1918 

89 

4-  56 

31 

56. 13 

.  11 

7 

+ 

6. 9050 

.  0042 

—  6819 

— 

141 

— 

.  1510 

90 

+  66 

07 

36.73 

.10 

8 

+ 

6. 7231 

.0037 

—  8151 

213 

.  0014 

596  UNITED  STATES  NORTHERN  BOUNDARY  COMMISSION.  [190J 

Catalogue  of  500  stars 


Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

d2a 
dt 2 

Ad 

A  n‘ 

h.  m. 

8. 

8. 

U 

// 

il 

91 

1520 

i 

Aurigse . 

4 

4  48 

51.3 

+  3.897 

+ 

14 

—  .81 

—  .95 

92 

1536 

<3 

Camelopardi . 

4.5 

52 

18.3 

+  5.309 

4- 

42 

+  .12 

—  .34 

93 

1540 

£ 

Au  rig® . 

4 

53 

00. 0 

+  4.292 

+ 

20 

—  .23 

—1.29 

94 

1541 

C 

Aurigse . 

4 

53 

44.5 

+  4.  181 

+ 

18 

+  .31 

+  .48 

95 

1557 

u 

Orionis . . 

5 

57 

25.7 

+  3.425 

+ 

8 

—1.07 

—2.75 

96 

1558 

V 

Aurigse . 

4 

57 

45. 1 

+  4. 196 

+ 

17 

—  .23 

—1.18 

97 

1613 

a 

Aurigse . 

1 

5  07 

27.4 

-f  4.422 

H- 

16 

—  .  16 

—  .74 

98 

1623 

p 

Orionis . 

1 

08 

31.9 

4-  2.881 

+ 

4 

+  .10 

—  .  11 

99 

1681 

p 

Tauri . 

2 

18 

23.5 

-f  3.788 

8 

—  .36 

-  .47 

100 

1706 

5 

23 

01.6 

+  7.990 

4- 

77 

+  .83 

+2.11 

101 

1730 

5 

Orionis . . . 

2 

25 

37.3 

+  3.064 

+ 

4 

+  .09 

+2. 00 

102 

1741 

a 

Leporis . 

3.5 

27 

13. 1 

4-  2.045 

+ 

3 

—  .36 

—  .06 

103 

1765 

£ 

Orionis . 

2.5 

29 

52.  3 

+  3.042 

+ 

4 

—  .46 

—  .36 

104 

1802 

a 

Columbse . 

2 

35 

07.4 

4-  2. 173 

+ 

3 

—  .62 

—  .51 

105 

1845 

V 

Aurigse . 

5 

42 

49.6 

-f  4.155 

+ 

6 

+  .10 

—  .31 

106 

1878 

p 

Columbse . 

3 

46 

33.2 

+  2.113 

+ 

3 

—  .  12 

—  .  11 

107 

1883 

Orionis . 

1 

48 

24.3 

4-  3.247 

+ 

3 

—  .01 

—  .02 

108 

1885 

<5 

Aurigse . 

3.5 

49 

14. 1 

+  4.936 

+ 

6 

—  .02 

—  .52 

109 

1895 

P 

Aurigse . . 

2 

50 

21.5 

4-  4.395 

+ 

4 

-  .  14 

—  .25 

110 

1900 

0 

Aurigse . 

4 

51 

11.8 

4-  4.  090 

+ 

3 

+  .22 

+2.  30 

111 

1980 

5 

6  05 

03.9 

4-  6.619 

_ 

7 

—  .40 

—1. 13 

112 

2002 

V 

Geminorum . . 

4 

07 

20.0 

4-  3.622 

+ 

1 

+  .08 

+  .19 

113 

2047 

P 

Geminorum . 

3 

15 

23.9 

+  3.633 

1 

—  .86 

—1.46 

114 

2096 

a 

Argus . 

1 

21 

10.  5 

+  1.330 

+ 

1 

—  .  13 

+  .87 

115 

2163 

7 

Geminorum . 

2.5 

30 

29.4 

+  3.469 

1 

—  .25 

—1.36 

116 

2194 

£ 

Geminorum . 

3 

36 

14.5 

+  3.694 

_ 

3 

+  .23 

—  .  12 

117 

2157 

5 

41 

14.7 

+30. 234 

—2101 

+  .03 

—  .  11 

118 

2237 

0 

Geminorum . 

5 

44 

32.9 

+  3.960 

— 

7 

—  .29 

—1.02 

119 

2293 

e 

Canis  Majoris . 

2.5 

53 

42.8 

+  2.357 

+ 

2 

—  .43 

+  .72 

120 

2305 

? 

Geminorum . 

4 

56 

41.7 

+  3.563 

5 

+  .37 

—1. 14 

121 

2345 

s 

Cams  Majoris . 

3.5 

7  03 

18.5 

+  2.  439 

1 

—  .81 

+  .93 

122 

2398 

X 

Geminorum . 

4.5 

10 

54.5 

+  3.453 

5 

+  .62 

—  .99 

123 

2410 

(5 

Geminorum . 

3 

12 

39.4 

+  3.591 

— 

7 

—  .96 

—2.  53 

124 

2439 

5 

17 

51. 4 

+  6.311 

— 

84 

+1.38 

+3.  55 

125 

2442 

i 

Geminorum . 

4 

17 

57.7 

+  3.736 

— 

10 

—  .08 

—  .08 

126 

2462 

P 

Canis  Majoris . 

3 

20 

22.3 

+  3.257 

4 

—  .  13 

—  .58 

127 

2485 

a' 2 

Geminorum . 

1.5 

26 

37.0 

+  3.839 

— 

13 

+  .03 

—  .  13 

128 

2551 

1C 

Geminorum . 

4 

36 

54.0 

+  3.629 

_ 

11 

+  .  57 

—1. 13 

129 

2555 

p 

Geminorum . 

2 

37 

39.9 

+  3.681 

— 

13 

—  .  33 

—  .35 

130 

2617 

<i> 

Geminorum . . 

5 

45 

50.8 

+  3.684 

— 

13 

—  .33 

—1.06 

131 

2710 

c 

Argus . 

2.5 

59 

11.5 

+  2.108 

+ 

1 

+  .08 

—  .03 

132 

2707 

55 

Camelopardi  . 

5 

8  00 

20.9 

+  6.066 

—  119 

+  .57 

+  1.30 

133 

2728 

P 

Argus . 

3.5 

02 

13.3 

+  2.554 

+ 

1 

—  .51 

—1.46 

134 

2778 

P 

Cancri . 

4 

09 

44.  I 

+  3.257 

7 

—  .27 

—  .  10 

135 

2819 

0 

Ursse  Majoris . 

4 

19 

51.9 

+  5.043 

— 

76 

+  .22 

+  .34 
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for  the  epoch  1875.0 — Continue J. 


Number. 

Declination, 

1875.0. 

Probable  error 

of  <5,  1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

f W 

<U3 

Proper  motion 

in  4. 

91 

o 

+  32 

/ 

57 

// 

57. 28 

// 

.08 

15 

H 

-f  6. 1044 

// 

.0033 

// 

—  5437 

U 

65 

// 

.  0215 

92 

+  60 

15 

22. 90 

,ii 

0 

+  5. 8243 

.0041 

—  7431 

— 

139 

— 

.  0134 

93 

+  43 

38 

09.  00 

,ii 

8 

+  5. 7606 

.0031 

—  6017 

— 

79 

— 

.0189 

94 

+  40 

53 

27.31 

.20 

2 

+  5. 6922 

.  0051 

—  5868 

— 

72 

— 

.0252 

95 

+  15 

13 

40. 70 

.  12 

7 

-f  5. 3690 

.0044 

—  4837 

— 

40 

— 

.0385 

96 

+  11 

03 

46.  64 

.11 

7 

+  5. 3065 

.0033 

—  5921 

_ 

69 

_ 

.  0738 

97 

+  45 

52 

05.  56 

.06 

23 

4-  4. 1231 

.0020 

—  6312 

— 

64 

— 

.4344 

98 

—  8 

20 

51.96 

.06 

24 

+  4. 4598 

.  0022 

—  4114 

— 

22 

— 

.0061 

99 

4-  28 

29 

58.  49 

.06 

25 

-f  3. 4402 

.  C021 

—  5452 

— 

34 

— 

.  1807 

100 

+  74 

57 

22.  41 

.16 

4 

-f  3. 2404 

.0061 

—11526 

— 

210 

+ 

.0191 

101 

—  0 

23 

36.71 

.07 

18 

-)-  2. 9320 

.  0029 

—  4433 

_ 

17 

_ 

.0050 

102 

—  17 

54 

48.  06 

.09 

10 

.+  2.8581 

.0038 

—  3832 

— 

11 

— 

.0006 

103 

—  1 

17 

00.  94 

.08 

15 

+  2. 6292 

.  0033 

—  4409 

— 

14 

+ 

.0004 

104 

—  34 

8 

31.22 

.  16 

4 

+  2.1273 

.<'066 

—  3163 

— 

7 

.0451 

105 

+  39 

06 

33.  53 

.21 

2 

+  1.5192 

.0060 

—  6047 

— 

17 

+ 

.0179 

106 

—  35 

48 

59.72 

.27 

1 

+  1.5648 

.0086 

—  3087 

_ 

5 

+ 

.3889 

107 

+  7 

22 

54.34 

.06 

26 

-f-  1.0210 

.0021 

—  4735 

— 

5 

+ 

.0068 

108 

-f-  54 

16 

19. 12 

.  11 

7 

+  0. 8114 

.0044 

—  7206 

— 

14 

.  1302 

109 

+  44 

55 

55.62 

.09 

12 

+  0. 8399 

.  0028 

—  6392 

— 

10 

— 

.  0035 

no 

+  37 

12 

04.92 

.17 

3 

+  0. 6751 

.0060 

—  5968 

— 

6 

— 

.0950 

111 

+  69 

21 

35.  08 

.  13 

5 

—  0. 5615 

.  0055 

—  9645 

+ 

28 

— 

.1183 

112 

+  22 

32 

27. 18 

.10 

10 

—  0. 6576 

.0041 

—  5270 

+ 

8 

— 

.0161 

113 

+  22 

34 

31.93 

.08 

16 

—  1. 4680 

.0030 

—  5289 

+ 

15 

— 

.1216 

114 

—  52 

37 

40.  83 

.23 

2 

—  1.8416 

.  0085 

—  1925 

+ 

2 

+ 

.0087 

115 

+  16 

30 

14. 10 

.07 

19 

—  2. 7078 

.  00.33 

—  5009 

+ 

23 

.0476 

116 

+  25 

15 

09. 76 

.  14 

4 

—  3. 1732 

.  0051 

—  5306 

+ 

32 

— 

.  0152 

117 

4-  87 

14 

04.  35 

.07 

19 

—  3.6289 

.0033 

—43267 

+ 

4794 

— 

.0391 

118 

+  34 

06 

34.48 

,11 

8 

—  3. 9229 

.0047 

—  5648 

+ 

48 

— 

.  0492 

119 

—  28 

48 

12. 13 

.11 

7 

—  4.6700 

.0059 

—  3324 

+ 

14 

— 

.0128 

120 

+  20 

45 

05. 75 

.  11 

8 

—  4.9219 

.0040 

—  5017 

+ 

44 

— 

.0114 

121 

—  26 

11 

45.81 

.12 

6 

—  5. 4602 

.0055 

—  3393 

+ 

18 

+ 

.0093 

122 

+  16 

45 

50. 12 

.16 

4 

—  6.1521 

.0047 

—  4767 

+ 

50 

— 

.  0459 

123 

+  22 

12 

37.  60 

.07 

18 

—  6. 2680 

.  0029 

—  4948 

+ 

57 

— 

.0163 

124 

+  68 

43 

03.  10 

.16 

4 

—  6. 7199 

.  0058 

—  8652 

+ 

264 

— 

.0375 

125 

+  28 

02 

39.96 

.14 

4 

—  6.7729 

.0048 

—  5097 

+ 

68 

— 

.0818 

126 

+  8 

32 

21 . 67 

.10 

10 

—  6.9393 

.0041 

—  4426 

+ 

48 

— 

.  0498 

127 

+  32 

09 

37.  90 

.07 

19 

—  7.4784 

.  0024 

—  5152 

+ 

80 

— 

.0783 

128 

4-  24 

41 

44.  66 

.  15 

4 

—  8. 2919 

.0051 

—  4787 

+ 

76 

— 

.  0633 

129 

4-  28 

19 

34.20 

.06 

26 

—  8.3472 

.  0020 

—  4790 

+ 

79 

— 

.  0575 

130 

4-  27 

05 

14.74 

.11 

8 

—  8.9607 

.0041 

—  4771 

+ 

85 

— 

.  0246 

131 

—  39 

39 

06.72 

.30 

1 

—  9.9360 

.0096 

—  2621 

+ 

24 

+ 

.  0297 

132 

4-  68 

50 

20. 20 

.  14 

4 

—  10.0515 

.0053 

—  7619 

+ 

353 

+ 

.  0020 

133 

—  23 

56 

42. 71 

.10 

9 

—  10.1495 

.0043 

—  3155 

+ 

37 

+ 

.0454 

134 

+  9 

34 

09.  08 

.09 

10 

—  10.  8076 

.  0039 

—  3956 

+ 

73 

— 

.  0520 

135 

4-  61 

08 

00. 80 

.12 

6 

—  11.6155 

.0037 

—  5957 

+ 

251 

.  1226 
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Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

.2 

T 

<r 

> 

""c 

< 

a 

a 

a 

o 

(Pa 

(it1 

id 

A/j,' 

li.  m.  s. 

s. 

8. 

// 

II 

136 

2953 

<5 

Caucri  . 

4.5 

8  37  34. 8 

+ 

3.419 

— 

13 

+  .00 

—  .18 

137 

2965 

L 

Cancri . 

5 

39  07.  8 

+ 

3. 644 

— 

20 

—  .22 

—1. 15 

138 

2971 

e 

Hvdrse . 

4 

40  09.  4 

3. 184 

— 

7 

—1. 17 

—3.  17 

139 

3048 

i 

Ursse  Majoris . 

3.5 

50  38.  4 

+ 

4. 139 

— 

44 

—  .20 

+  .02 

140 

3075 

K 

Ursse  Majoris . 

4 

55  05.0 

+ 

4. 125 

— 

44 

+  .91 

+2.79 

141 

3099 

a1 

Ursse  Majoris . 

5 

59  22.  0 

+ 

5.  374 

_ 

134 

+1.95 

+3.  92 

142 

3111 

K 

Caucri . 

5 

9  00  58.  5 

+ 

3.  255 

— 

9 

—  .87 

—2.  47 

143 

3126 

1 

Argus . 

3 

03  23.  9 

-L 

2.  202 

+ 

4 

—  .04 

—1.74 

144 

3178 

a 

Lvucis . 

4 

13  26. 1 

+ 

3.  672 

27 

—  .08 

—  .  18 

145 

3186 

L 

Argus . 

2 

13  44.6 

+ 

1.606 

— 

2 

+  .22 

+2.82 

146 

3199 

5 

19  05.  9 

Hr 

9. 113 

_ 

795 

—1.06 

—2.  34 

147 

3223 

a 

Hydras . 

2 

21  26.7 

+ 

2. 949 

— 

2 

—  .03 

—  .48 

148 

3232 

24 

Ursse  Majoris  _ _ _ 

5 

23  23.5 

4- 

5.  425 

169 

—  .  32 

—  .01 

149 

3242 

8 

Ursse  Majoris . 

3 

24  29. 1 

+ 

4.  050 

— 

55 

—  .  13 

+  .85 

150 

3312 

0 

Leonis . 

4 

34  28. 6 

+ 

3. 207 

— 

9 

+  .38 

—  .03 

151 

3331 

E 

Leonis . 

3 

38  45. 2 

+ 

3.419 

_ 

18 

—  .43 

—1.46 

152 

3346 

V 

Ursse  Majoris . 

4 

42  05. 1 

+ 

4.  330 

— 

82 

4“  •  17 

—  .42 

153 

3371 

Leonis . 

3 

45  39.  0 

+ 

3.  424 

— 

20 

—  .54 

—  .66 

154 

3453 

V 

Leonis . 

3.5 

10  00  31.0 

3.  278 

— 

13 

—  .  56 

—1.84 

155 

3459 

a 

Leonis . 

1 

01  42.  8 

+ 

3. 202 

— 

10 

—  .32 

—  1.30 

156 

3496 

32 

Ursse  Majoris . 

5 

08  56. 0 

+ 

4.437 

_ 

115 

+  .61 

+  .95 

157 

3505 

1 

Ursse  Majoris . 

3.5 

09  33. 1 

+ 

3.646 

— 

38 

—  .27 

+  .41 

158 

3523 

y1 

Ursse  Majoris . 

2 

13  04.7 

+ 

3.  317 

— 

15 

—1.24 

—2.  65 

159 

3533 

p 

Ursse  Majoris . 

3 

14  52.  6 

+ 

3.  602 

— 

36 

—  .18 

—1.36 

160 

3593 

5.5 

24  25.  0 

+ 

5. 303 

— 

280 

—  .51 

—1.11 

161 

3609 

p 

Leonis . 

4 

26  13.  7 

+ 

3. 166 

_ 

8 

—  .54 

—  .98 

162 

3695 

V 

Argus . . . 

2 

40  12.9 

4- 

2.310 

22 

—  .06 

—  .38 

163 

3708 

53  Leonis . 

6 

42  41. 1 

3. 159 

8 

—1.10 

—2.78 

164 

3767 

P 

Ursse  Majoris . 

2 

54  17.3 

3.  367 

— 

63 

—  .64 

—2. 70 

165 

3777 

a 

Ursse  Majoris . 

1.5 

55  59.  8 

+ 

3.758 

— 

81 

+  .09 

+  .04 

166 

3812 

Ursse  Majoris . 

3.5 

11  02  37.7 

3. 398 

_ 

37 

—  .27 

—  .18 

167 

3834 

<5 

Leonis . 

2.5 

07  27.5 

-1- 

3. 202 

— 

13 

—  .54 

—2.34 

168 

3838 

8 

Leonis . 

3 

07  40.8 

”1“ 

3. 155 

— 

10 

+  .34 

—1.  22 

169 

3852 

V 

Ursse  Majoris . 

4 

11  43.4 

+ 

3. 258 

— 

23 

-  .01 

—1.28 

170 

3859 

<5 

Crater  is . 

3.5 

13  05.5 

+ 

2. 995 

+ 

6 

—  .53 

+  .35 

171 

3900 

r 

Leon's . . 

4 

21  30.5 

_ 

3.  083 

_ 

2 

—  .57 

—1.20 

172 

3914 

a 

Draconis . 

3.5 

23  57.  5 

”1“ 

3. 637 

— 

111 

+1.59 

+3.  84 

173 

3946 

V 

Leonis . 

4.5 

30  32.  9 

+ 

3.  072 

0 

—  .86 

-  1.80 

174 

3981 

X 

Ursse  Majoris . 

4 

39  26. 7 

•I- 

3. 197 

— 

36 

—  .13 

—  .52 

175 

3995 

P 

Leonis . 

2.5 

42  41.0 

+ 

3. 065 

— 

7 

—  .47 

—2.51 

176 

4002 

P 

Virginia  . 

3.5 

44  11.0 

+ 

3. 125 

0 

—  .43 

—1.05 

177 

4017 

y 

Ursse  Majoris . 

2 

47  14.8 

+ 

3. 188 

— 

44 

+  .28 

—  .05 

178 

4072 

O 

Virginia . 

4  5 

58  50. 5 

+ 

3.  058 

— 

3 

—  .76 

—1.22 

179 

4112 

5 

12  06  19.  4 

+ 

2.904 

— 

126 

+1.  67 

+2. 93 

180 

4123 

8 

Ursse  Majoris . 

3 

09  13.9 

+ 

3.  003 

— 

43 

+  .08 

+  .92 

1193] 
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for  the  epoch  1875.0 — Continued. 


U 

o 

i 

ct  . 

O  c3 

P 

O 

fc-  o 

o 

Declination. 

1875.0. 

00 

£  5  B 

d-i 3 

cP6 

S  *6 

3 

P 

•§£ 

'g's 

fP 

bp 

*53 

cti  ~ 

P  P 
p  £ 

p 

•2  a-2 

go'K 

dv2 

ctl 

i 

S-i  a 

CD  *•”' 

Ph 

O 

C-t 

Jz; 

pH 

£ 

<4 

Ph 

P-i 

o 

/ 

II 

II 

II 

// 

II 

II 

// 

130 

+  18 

36 

44.17 

.12 

6 

—  12.9634 

.0039 

—  3797 

+ 

96 

—  .  2358 

137 

+  29 

12 

55. 56 

.20 

2 

—  12.8937 

.0060 

—  4025 

+ 

115 

—  .  0615 

138 

+  6 

52 

34.  59 

.07 

17 

—  12.9548 

.0030 

—  3486 

4 

80 

—  .  0537 

139 

+  48 

31 

50.  87' 

.08 

15 

—  13.8425 

.0020 

—  4333 

+ 

173 

—  . 2528 

140 

+  47 

38 

57.  05 

.  17 

3 

—  13.9401 

.0047 

—  4279 

4 

174 

—  .0671 

141 

+  67 

38 

23.  33 

.12 

6 

—  14. 1971 

.0041 

—  5494 

+ 

359 

—  . 0558 

142 

+  11 

10 

11.92 

.08 

14 

—  14.2444 

.0040 

—  3278 

4 

92 

—  .  0037 

143 

—  42 

55 

43.  04 

.30 

1 

—  14.3765 

.0102 

—  2171 

+ 

34 

+  .0126 

144 

+  34 

55 

11.02 

.  10 

9 

—  14.9717 

.  0039 

—  3474 

+ 

135 

+  . 0152 

145 

—  58 

45 

03. 78 

.25 

1 

—  14.9766 

.0098 

—  1486 

+ 

24 

+  . 0282 

146 

+  81 

52 

32.  83 

.  12 

7 

—  15.3300 

.0046 

—  8510 

+ 

1428 

—  .0184 

147 

—  8 

07 

04.31 

.07 

22 

—  15.4132 

.  0023 

—  2676 

+ 

75 

+  . 0302 

148 

+  70 

22 

40.  25 

.  18 

3 

—  15.4916 

.  0061 

—  4915 

+ 

401 

+  .  0599 

149 

+  52 

14 

44.25 

.08 

13 

—  16. 1682 

.  0028 

—  3548 

+ 

185 

—  . 5565 

150 

+  io 

27 

35.91 

.10 

8 

—  16. 1789 

.0037 

—  2694 

+ 

98 

—  .  0333 

151 

+  24 

20 

55.  41 

.07 

19 

—  16.3863 

.  0050 

—  2810 

119 

—  .  0216 

152 

+  59 

37 

31.17 

.11 

8 

—  10.6917 

.0033 

—  3476 

233 

—  .  1602 

153 

+  26 

35 

40. 61 

.08 

13 

—  16.7587 

.  0034 

—  2676 

121 

—  .  0526 

154 

+  17 

22 

16. 68 

.18 

3 

—  17.  3984 

.  0053 

—  2304 

110 

—  .  0084 

155 

+  12 

34 

38.26 

.06 

27 

—  17.4430 

.0020 

—  2217 

103 

—  . 0010 

156 

+  65 

43 

50. 60 

.14 

5 

—  17.7705 

.0060 

—  2927 

+ 

265 

—  .0255 

157 

+  43 

32 

15. 64 

.10 

9 

—  17.  8131 

.  0032 

—  2378 

+ 

152 

—  . 0429 

153 

+  20 

28 

22.  85 

.07 

19 

—  18.0565 

.  0028 

—  2112 

+ 

117 

—  .  1455 

159 

+  42 

07 

38. 22 

.12 

6 

—  17.9619 

.0040 

—  2245 

+ 

148 

+  .  0194 

160 

+  '0 

21 

20.73 

.  11 

7 

—  18.3514 

.0044 

—  3054 

4 

441 

—  .0161 

161 

+  9 

56 

56.  87 

.08 

14 

—  18.4077 

.  0035 

—  1758 

+ 

101 

—  . 0088 

162 

—  59 

01 

39. 76 

.22 

2 

—  18.8551 

.0088 

—  1067 

4 

43 

—  . 0038 

163 

+  11 

12 

21.88 

.08 

13 

—  18.9527 

.0043 

—  1443 

+ 

105 

—  . 0288 

164 

+  57 

03 

06. 52 

.09 

11 

—  19.2275 

.0036 

—  1435 

4 

165 

+  . 0080 

165 

+  62 

25 

31.31 

.06 

24 

—  19.3439 

.0021 

—  1420 

4 

177 

—  . 0666 

166 

4-  45 

10 

34.53 

.09 

12 

—  19.4710 

.0031 

—  1141 

+ 

133 

—  .0418 

167 

+  21 

12 

29. 60 

.07 

21 

—  19.6719 

.0026 

—  981 

4* 

112 

—  . 1424 

168 

+  16 

06 

45. 03 

.18 

3 

—  19.6111 

.  0055 

—  956 

+ 

107 

—  *  0772 

169 

+  33 

4  '6 

33. 99 

.24 

2 

—  19.5798 

.  0062 

—  909 

4 

118 

+  .0312 

170 

—  14 

06 

08.73 

.08 

15 

—  19.4521 

.0034 

—  801 

+ 

92 

-j-  .  1835 

171 

+  3 

32 

39. 95 

.10 

9 

—  19.7930 

.0039 

—  668 

+ 

101 

—  .0210 

172 

+  70 
—  0 

01 

14.  63 

.09 

12 

—  19.8274 

.0030 

—  743 

+ 

164 

—  . 0206 

173 

08 

01.73 

.08 

15 

—  19.8539 

.0035 

—  489 

+ 

100 

+  . 0550 

174 

+  48 

28 

20. 68 

.  11 

8 

—  19.9549 

.  0034 

—  330 

+ 

115 

+  . 0188 

1/5 

+  15 

16 

14.  62 

.06 

25 

—  20. 1161 

.  0021 

—  248 

+ 

99 

—  .1191 

176 

+  2 
+  54 

+  9 

+  78 
+  57 

28 

08.  39 

.09 

12 

—  20. 2890 

.0028 

—  233 

+ 

105 

—  . 2825 

177 

23 

22.  85 

.07 

20 

—  20. 0247 

.  0022 

—  173 

+ 

112 

—  .0916 

178 

179 

25 

18 

38.  37 

39.  34 

.09 

.  10 

12 

9 

—  20.  0162 
—  20.  0253 

.0036 

.0043 

+  64 

-f  203 

+ 

4 

99 

85 

-f-  .  013/  8 

+  .  0*213 

180 

43 

38. 28 

.11 

8 

—  20. 0288 

.0035 

-f  263 

+ 

93 

+  . 0092 
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Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

d2a 

w 

Aa 

Afi' 

k.  711.  s. 

s. 

8. 

U 

// 

5 

12  11  03.5 

4  3.380 

+ 

180 

4  -21 

—  .68 

3.5 

13  30.7 

-f  3.068 

+ 

3 

—  .87 

—  1.58 

1 

19  39.5 

4  3.282 

08 

—  .76 

—2. 17 

5 

20  08.9 

4  3.009 

12 

—  .02 

—  .80 

5.5 

24  37.5 

4  2.677 

— 

58 

—  .  14 

—1.02 

2.5 

27  49.  3 

4  3. 132 

+ 

16 

—  .25 

4  .41 

3.5 

28  08.  3 

4  2.600 

54 

41.41 

4-2.  93 

6.5 

32  45. 2 

4  2.  904 

— 

19 

—  .93 

—1.42 

5.5 

48  13.8 

4  0.361 

+ 

221 

41. 72 

-1-3.  38 

3 

48  31.5 

4  2.661 

273 

41.44 

43.  96 

2.5 

50  10.7 

4  2.817 

_ 

15 

—  .34 

—1.09 

5 

55  21.7 

+  2.592 

— 

25 

—  .65 

—2.  46 

4.5 

13  03  28.  8 

-f-  3. 101 

+ 

8 

—  .86 

_ 2,  1*2 

4.5 

06  02.  3 

4  2.807 

8 

—  .27 

—1.04 

5 

08  02.7 

4-  2.730 

— 

14 

-  —  .  13 

—1.79 

1 

18  36.  6 

4  3. 152 

+ 

11 

—  .14 

—  .68 

3 

18  53.  4 

4  2.  421 

17 

—  .07 

—  .07 

6 

22  56. 7 

4  1.518 

4 

7 

—  .01 

—  .67 

6 

24  56.6 

4  2.848 

5 

4  .22 

42.  20 

4 

28  19.5 

4  3.053 

+ 

6 

—1.22 

—2.79 

5.5 

29  18.  9 

4  2.320 

— 

14 

—  .15 

41.  02 

6 

40  55. 1 

4  2.555 

— 

9 

—  .18 

—  .35 

2.5 

42  36. 8 

4  2.  374 

— 

10 

—  .20 

—  .75 

6 

43  48.2 

4  2.840 

— 

2 

—  .08 

—1.37 

6 

47  14.6 

4  2.867 

— 

6 

—  .72 

—2.67 

3 

48  44.  0 

4  2.  859 

0 

—  .67 

-1.59 

6 

50  29.  3 

—  0.  014 

+ 

182 

4  .06 

4  .08 

1 

51  01. 1 

4  4.170 

4 

84 

—  .14 

—  4.71 

6 

55  30.  4 

4  2.  724 

3 

—  .08 

—  .53 

3.5 

14  01  00.4 

4  1.623 

+ 

5 

4  .21 

—  .  11 

04  42.  0 

4  2.  739 

_ 

2 

—  .40 

—1.26 

5 

09  45.  0 

4  1.098 

29 

4  .34 

4  .02 

1 

09  57.  6 

4  2.  735 

+ 

2 

—  .86 

-2.  04 

4 

11  37.8 

4  2.284 

5 

—  .26 

—  .68 

4 

20  56. 5 

4  2.  043 

— 

1 

—  .18 

—  .  32 

6 

24  16.9 

4  2.  088 

_ 

3 

—  .13 

—  .08 

4 

26  26.  6 

4  2. 587 

— 

2 

—  .33 

— 1.  58 

3.5 

27  02.6 

4  2.  418 

— 

3 

4  .30 

—1.74 

4 

27  48.8 

—  0.208 

+ 

121 

41.61 

43.  59 

6.5 

29  31.  8 

4  2. 186 

2 

—  .16 

—  .53 

1 

31  07.2 

4  4.029 

+ 

74 

—1.13 

—6.  43 

4.5 

37  55.7 

4  2.  639 

0 

4  .21 

—  .31 

3 

39  31.7 

4  2.621 

0 

4  .30 

41.42 

3 

43  57.  9 

4  3.309 

+ 

15 

—  .47 

—1.86 

6.5 

44  12.3 

4  2.357 

1 

—1.16 

—1.52 

CD 

a 

3 

£ 


181 

182 

183 

*184 

*185 

186 

187 

*188 

189 

*190 

191 

*192 

193 

194 
*195 

196 

197 
*198 
*199 

200 

*201 

*202 

203 

204 
*205 

206 

*207 

208 

*209 

210 

211 

*212 

213 

214 

215 

*216 

217 

218 
219 

*220 

221 

222 

223 

224 
*225 


a 

3 

a 

.  3 

o* 

-4 

PQ 


Name. 


4131 

4145 

4187 

4191 

4222 

4234 

4239 

4258 

4342 

4335 

4346 

4366 

4401 

4421 

4433 

4480 

4484 

4506 

4513 

4532 

4540 

4596 

4607 

4618 

4637 

4648 

4659 

4669 

4675 

4696 

4706 

4732 

4729 

4741 

4789 

4804 

4808 

4812 

4822 

4827 

4832 

4864 

4876 

4895 

4897 


p  Chameleontis. 

7]  Virgiuis . 

a1  Crucis . 

14  Comm . 

4  Draconis . 


p  Corvi . 

k  Draconis . 

9  Canum  Venaticorum 


s  Ursae  Majoris . 


a  Canum  Venaticornm 

78  Ursae  Majoris . 

6  Virginia . 

p  Comm . 


a  Virginia . . 

f1  Ursae  Majoris  . 


C,  Virginia . 

81  Ursae  Majoris 


r/  Ursae  Majoris  . 

6  Boot  is . 

7  Bootis  . 


7?  Bootis. 


p  Centauri 
11  Bootis.... 
a  Draconis 


12  Bootis. 


a  Bootis. 
71  Bootis. 
6  Bootis. 


24  Bootis . 

p  Bootis . 

y  Bootis . 

5  Ursae  Minoris. 


a2  Centauri 
34  Bootis... 
e1  Bootis... 
a2  Librae ... 
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[195] 


for  the  epoch  1875.0 — Continued. 


Number. 

Decimation,  1875.0. 

Probable  error 

of  6,  1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

d"6 
dt 2 

dH 5 
dt 3 

Proper  motion 

in  6. 

o 

/ 

// 

// 

// 

// 

// 

u 

// 

181 

—  78 

37 

04.  29 

.22 

2 

—  19.9878 

.0094 

+  323 

+ 

133 

+  . 0432 

182 

4  0 

01 

40. 75 

.07 

18 

—  20.0472 

.  0032 

+  349 

+ 

100 

—  .0278 

183 

—  62 

24 

21.76 

.25 

1 

—  20.  0219 

.0090 

4  495 

+ 

121 

—  .0417 

*184 

4  27 

57 

38. 99 

.20 

2 

—  20. 0038 

.0056 

4  471 

4“ 

94 

—  .0270 

*185 

+  69 

53 

38. 16 

.14 

4 

—  20. 0038 

.0061 

+  505 

+ 

66 

—  . 0652 

186 

—  22 

42 

18. 75 

.09 

12 

—  19.9725 

.0039 

4  637 

+ 

105 

—  .0659 

187 

4-  70 

28 

38.  85 

.10 

9 

—  19.8980 

.0031 

-f  548 

+ 

61 

+  . 0053 

*188 

4  41 

33 

45. 55 

.28 

1 

—  19.8729 

.0066 

+  688 

+ 

84 

—  . 0232 

189 

+  84 

05 

32. 73 

.  11 

8 

—  19.5990 

.  0042 

-f  191 

+ 

69 

4  .0128 

*190 

+  56 

38 

18.77 

.  12 

6 

—  19.6318 

.0042 

4-  895 

4 

64 

—  .0254 

191 

4-  38 

59 

37.72 

.07 

20 

—  19.5274 

.0027 

4  970 

+ 

76 

4-  .  0481 

*192 

+  57 

02 

25. 55 

.30 

1 

—  19.4966 

.0098 

4  993 

+ 

60 

—  .  0246 

193 

—  4 

52 

16. 10 

.07 

16 

—  19.3311 

.  0034 

4-  1319 

+ 

100 

—  . 0412 

194 

+  28 

30 

44.  08 

.  13 

5 

—  18.3458 

.0044 

4  1220 

4" 

74 

4  . 8816 

*195 

4  40 

48- 

55.  48 

.37 

1 

—  19. 1607 

..0114 

4  1.49 

+ 

69 

4  .0161 

196 

—  10 

30 

29.  68 

.06 

26 

—  18.9239 

.0021 

4-  1625 

+ 

103 

—  .0378 

197 

4  55 

34 

43.01 

.10 

10 

—  18.9095 

.  0031 

4  1281 

+ 

49 

—  . 0317 

*198 

-f  73 

02 

27. 83 

.22 

2 

—  18.7748 

.0083 

-j-  866 

+ 

20 

—  .0197 

l  DA 

18  6925 

4-  1585 

4 

76 

200 

-f-  0 

02 

38.  03 

.07 

18 

—  18.5432 

.0031 

4-  1743 

+ 

93 

4  . 0401 

*201 

4  55 

59 

22.  25 

.24 

2 

—  18.5713 

.0084 

4  1365 

+ 

44 

—  . 0208 

*202 

+  41 

42 

58. 88 

.34 

i 

—  18. 1897 

.0110 

+  1672 

+ 

56 

—  . 0485 

203 

+  49 

56 

15. 80 

.06 

24 

—  18. 1020 

.0021 

+  1570 

+ 

46 

—  . 0245 

204 

4  21 

53 

07. 12 

.24 

2 

—  18.0229 

.0076 

4-  1892 

+ 

74 

-4  .  0093 

*205 

+  18 

32 

58.  49 

.27 

1 

—  17.9231 

.  0062 

4  1965 

+ 

76 

—  .  0247 

206 

4  19 

01 

30.  42 

.07 

21 

—  18.2001 

.  0028 

+  1979 

+ 

75 

—  .  3609 

*207 

+  'D 

36 

44.94 

.23 

2 

—  17.7777 

.  0093 

—  133 

+ 

124 

—  . 0092 

208 

—  59 

46 

07. 14 

.23 

2 

—  17.6344 

.0091 

4  2997 

+ 

218 

—  .  Oo.ii 

*209 

4  27 

59 

28. 1 1 

.16 

4 

—  17. 5600 

.0047 

4  1998 

+ 

65 

4-  .  0007 

210 

+  64 

58 

25. 33 

.07 

17 

—  17.  3174 

.1028 

4  1262 

+ 

27 

4  . 0059 

211 

4  25 

41 

04.84 

.25 

1 

—  17.2238 

.  0116 

+  2142 

+ 

6  » 

—  . 0656 

*212 

4-  70 

01 

10.  40 

.19 

3 

—  16.9961 

.0081 

4  933 

+ 

33 

—  . 0708 

213 

4  19 

50 

02.  58 

.06 

27 

—  18.9148 

.0020 

4  2151 

+ 

66 

—  1 . 9994 

214 

4-  46 

39 

47.01 

.13 

6 

—  16.6817 

.  0043 

4  1868 

+ 

41 

4  . 1548 

215 

+  52 

25 

45. 12 

.09 

11 

—  16.7873 

.0032 

4-  1767 

+ 

34 

—  .4072 

*216 

+  50 

24 

18.  17 

.24 

2 

—  16.2565 

.0060 

4-  1833 

+ 

33 

—  . 0468 

217 

4-  30 

55 

15. 53 

.09 

11 

—  15.9845 

.0040 

4  2313 

+ 

53 

4  .1132 

218 

4-  38 

51 

21. 11 

.15 

4 

—  15. 9247 

.0041 

4  2170 

+ 

45 

4  . 1416 

219 

4  76 

15 

06.01 

.09 

10 

—  16.  0100 

.  0031 

—  108 

+ 

106 

-j-  .  0159 

*220 

4  47 

20 

04.78 

.36 

1 

—  15.9744 

.  0109 

4  2009 

+ 

37 

—  . 0393 

221 

—  60 

19 

11.63 

.23 

2 

—  15.4245 

.0090 

4  3347 

+ 

176 

4  . 4257 

222 

4  27 

03 

36.91 

.25 

1 

—  15.  4814 

.  0069 

4  2515 

+ 

55 

— ■  .  0031 

223 

4  27 

36 

07.83 

.07 

20 

—  15.  3787 

.  0028 

4  2515 

4* 

54 

0102 

224 

—  15 

31 

15.  67 

.07 

21 

—  15.2156 

.  0024 

4  3224 

+ 

100 

—  . 0786 

*225 

4-  38 

19 

37. 78 

.25 

1 

—  15.0076 

.  0094 

4  2302 

+ 

41 

4  . 1158 

76 
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Catalogue  of  500  .stars 


Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

d*.i 

dl? 

Ad 

A/i' 

h.  m.  8. 

8 . 

8 . 

// 

ft 

*226 

4018 

5.5 

14  48  16. 1 

4  1.517 

+ 

9 

—  .69 

—2.51 

227 

4036 

P 

Urs®  Minoris . 

3 

51  05.4 

—  0. 246 

+ 

103 

4  .30 

41.54 

*228 

4037 

6 

52  14. 1 

4  1.984 

+ 

1 

—  .05 

—1.48 

22b 

4058 

0 

Bootis . 

3 

57  14.2 

4  2.260 

0 

—  .27 

—  .73 

*260 

4074 

443  Bootis . 

5 

50  40.  3 

4  1.979 

+ 

1 

—  .05 

—  .64 

*231 

5026 

6 

15  08  50.  0 

+  2. 284 

+ 

1 

—  .47 

—1.  13 

232 

5024 

3 

Serpen  tis . 

6 

08  58.  7 

4  2.979 

+ 

7 

—  .18 

—  .  46 

233 

5034 

P 

Libras . 

2.5 

10  16.0 

4  3.220 

+ 

12 

—  .24 

—  .49 

234 

5' 71 

6 

16  24.7 

4  1.759 

+ 

5 

—  .51 

—2.  10 

235 

5084 

V* 

Bootis . 

4 

10  46.2 

4  2.  268 

+ 

1 

—  .56 

— 1.  06 

236 

5004 

7 2 

Urs®  Minoris . 

CO 

cn 

20  56.  5 

—  0.  144 

+ 

75 

—  .51 

—1.03 

*237 

5007 

L 

Draconis . 

3 

22  00. 1 

4  1.325 

+ 

14 

4  00 

—  .53 

238 

5008 

P 

Coron®  Borealis . 

4 

22  40.  6 

-f  2.476 

+ 

2 

4  .34 

—  .65 

*239 

5115 

6 

25  2  >.  0 

-f  1.  170 

+ 

17 

4  .38 

41.51 

210 

5122 

V1 

Bootis . 

5.5 

26  26.  4 

-f  2. 153 

+ 

2 

4  .03 

—  .20 

241 

5130 

yl 

Bootis . 

5.5 

27  18.6 

4-  2. 145 

+ 

2 

4  .58 

—  .03 

242 

-5131 

0 

Coronas  Borealis . 

4.5 

27  53.4 

+  2.414 

+ 

2 

—  .22 

—2. 17 

243 

5143 

a 

Coronas  Borealis . 

2.5 

29  23.  8 

4  2.530 

+ 

2 

—  .37 

—  .77 

244 

5157 

6 

30  52. 9 

+  2.  056 

+ 

3 

—  .21 

—  .59 

245 

5168 

<p 

Bootis . 

5.5 

33  20.  3 

4-  2. 154 

+ 

2 

— 1.  08 

—2. 50 

*24  G 

5178 

? 

Coronas  Borealis . 

5 

15  34  40.  3 

4  2.257 

+ 

2 

—  .19 

—  .18 

247 

5102 

7 

Coron®  Borealis . 

5 

37  29.7 

•4  2.518 

"f* 

3 

4  .26 

—3. 96 

248 

5106 

a 

Serpentis . 

2.5 

38  06.  7 

4  2.951 

6 

—  .20 

—  .71 

249 

5216 

p 

Serpentis . 

3.5 

40  24. 9 

+  2. 765 

4- 

4 

41.01 

—1.77 

250 

5245 

e 

Serpentis . 

3 

44  35.2 

4  2.987 

+ 

7 

—  .66 

—1.19 

*251 

5271 

X 

Herculis . 

6 

48  21.2 

4  2.  071 

+ 

2 

41.  06 

42. 99 

252 

5285 

? 

Urs®  Minoris . 

4 

48  33.9 

—  2.  281 

+ 

203 

—  .  11 

4  . 14 

253 

5298 

4 

Herculis . . . 

6 

51  18.2 

4  2.019 

4 

4 

—  .21 

—1.07 

254 

5302 

e 

Coron®  Borealis . 

4.5 

52  24.0 

4  2.485 

+ 

3 

—1.59 

—2.  75 

255 

5303 

<5 

Scorpii . 

3 

52  56. 6 

4  3.537 

+ 

16 

—  .24 

—2.  65 

*256 

5313 

54  49  4 

4  1  410 

10 

+1  32 

257 

5329 

P1 

Scorpii . 

2 

58  10.2 

4  3!  477 

+ 

14 

—  !l6 

—5.  80 

258 

5341 

5  5 

58  54  2 

4  1  525 

0 

72 

+  1  fiO 

259 

5348 

0 

Draconis . 

3 

50  33. 0 

4  1.110 

+ 

14 

4  .27 

4  .63 

260 

5388 

<t> 

Herculis . 

5 

16  04  40.  9 

4  1.884 

+ 

5 

4  .07 

—  .40 

261 

5406 

5 

05  59. 1 

4  0.134 

+ 

40 

4  .18 

—  .  10 

*262 

5415 

6 

06  36. 1 

4  1. 170 

4 

14 

—  .32 

—2.  70 

263 

5414 

6 

Ophiuchi . 

3 

07  47.8 

4  3. 138 

4 

8 

—  .25 

4  . 16 

264 

5426 

16  Herculis . . 

6.5 

00  50.  3 

4  2.655 

4 

4 

4  .07 

—2. 11 

*265 

5460 

6 

15  38. 1 

4  2.048 

+ 

4 

4  .69 

41.00 

266 

5463 

r 

Herculis . 

4 

15  58. 9 

4  1.708 

5 

—  .  35 

—  .34 

267 

5466 

Herculis . 

3.5 

16  21.4 

4  2.644 

4 

4 

—  .08 

—  .80 

268 

5473 

s 

Coron® . 

5 

17  13.7 

4  2.  343 

4 

3 

—  .28 

—1.64 

269 

5484 

23 

Herculis . 

6 

18  08.  6 

4  2.  302 

3 

4  .12 

—1.  32 

*270 

5502 

5 

21  41.5 

4  1.300 

+ 

10 

41-15 

43.  46 
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for  the  epoch  1875.0 — Continued. 


Number. 

Declination,  1875.0. 

Probable  error 

of  6, 1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

d?< 5 
dV1 

dt3 

Proper  motion 

in  d. 

*226 

o 

+  r>9 

/ 

48 

// 

09.  67 

// 

.25 

1 

// 

—  14.7446 

// 

.  0082 

// 

-f  1531 

+ 

// 

25 

+ 

// 

.  1429 

227 

-f  74 

39 

58.  82 

.  06 

23 

—  14.7165 

.0021 

—  187 

+ 

103 

+ 

.  0044 

*228 

-f-  50 

08 

25. 11 

.25 

l 

—  14.8935 

.  0083 

+  2043 

+ 

30 

.  2408 

229 

-f  40 

53 

04.27 

.08 

14 

—  14.3957 

.  0035 

-f-  2359 

+ 

37 

— 

.0453 

*230 

+  48 

08 

30.  91 

.23 

2 

—  14. 1601 

.  0065 

-|-  2057 

+ 

28 

+ 

.  0406 

*231 

+  38 

44 

02. 28 

.27 

1 

—  13.6428 

.0114 

+  2504 

+ 

36 

_ 

.0193 

232 

+  & 

24 

17. 12 

.23 

2 

—  13.6369 

.  0075 

-f-  3249 

68 

— 

.  0226 

233 

—  8 

55 

13.00 

.07 

20 

—  13.5611 

.  0029 

+  3518 

+ 

84 

— 

.  0309 

234 

+  52 

24 

33. 59 

.33 

1 

—  13. 1505 

.017 

+  1996 

+ 

25 

— 

.021 

235 

+  37 

48 

59. 73 

.10 

9 

—  12.  8177 

.  0033 

-f  2575 

H- 

34 

4- 

.0884 

236 

4-  72 

16 

43.62 

.08 

14 

—  12.8097 

.0024 

—  107 

+ 

84 

+ 

.  0177 

*237 

+  59 

24 

16.68 

.09 

13 

—  12.7252 

.  0042 

+  1547 

+ 

20 

-1- 

.  0207 

238 

+  29 

32 

15.  34 

.  19 

3 

—  12.6428 

.  0057 

+  2836 

+ 

41 

+ 

.  0676 

*239 

+  61 

06 

07. 12 

.31 

1 

—  12.5392 

.0103 

-f  1397 

+ 

28 

— 

.0129 

240 

-f  41 

15 

36.  63 

.24 

2 

—  12.  4559 

.0081 

+  2515 

+ 

31 

— 

.  0020 

241 

-f  41 

19 

28.  32 

.24 

2 

—  12.4035 

.0070 

-f  2509 

4 

30 

— 

.  0093 

242 

+  31 

46 

55.  88 

.26 

1 

—  12.3759 

.  0090 

+  2820 

+ 

39 

— 

.0217 

243 

4-  27 

08 

11.55 

.06 

25 

—  12.3498 

.  0021 

+  2995 

+ 

42 

— 

.  0907 

244 

4-  43 

34 

56.  59 

.23 

2 

—  12. 1038 

.  0095 

4-  2433 

+ 

28 

+ 

.0431 

245 

4-  40 

45 

41.21 

.23 

2 

—  11.9172 

.  0065 

+  2577 

+ 

30 

+ 

.  0580 

*246 

4-  37 

02 

33.  81 

.20 

2 

—  11.8762 

.  0067 

-f  2700 

+ 

32 

4 

.  0052 

247 

4-  26 

41 

33.  66 

.19 

3 

—  11.6641 

.  0054 

+  3027 

+ 

40 

+ 

.0174 

248 

-f  6 

49 

12.87 

.06 

24 

—  11.6037 

.  0022 

+  3565 

+ 

58 

4 

.  0339 

249 

4-  15 

48 

52. 01 

.19 

3 

—  11.5206 

.  0052 

+  3360 

4- 

49 

— 

.0177 

250 

+  4 

51 

19. 62 

.10 

10 

—  11. 1035 

.  0039 

-|-  3677 

+ 

58 

+ 

.0081 

*251 

4-  42 

48 

08.07 

.26 

1 

-  10.2901 

.  0063 

2629 

4- 

24 

+ 

.6159 

252 

78 

10 

40.  77 

.07 

18 

'  —  10.8824 

.  0024 

—  2731 

+ 

280 

— 

.  0016 

253 

-j-  42 

55 

49.  89 

.34 

1 

—  10.6895 

.  0099 

-f  2539 

4- 

25 

— 

.0107 

254 

4-  27 

14 

27.75 

.15 

4 

—  10.6578 

.  0053 

-f-  3120 

4- 

36 

— 

.  0615 

255 

—  22 

15 

50.64 

.10 

9 

—  10.5934 

.  0046 

+  4429 

4- 

82 

— 

.  0365 

*256 

4-  55 

06 

13.  04 

.22 

2 

—  10.3006 

.0089 

-f  1772 

+ 

21 

— 

.  1162 

257 

—  19 

27 

41.36 

.08 

16 

—  10.2034 

.  0032 

+  4413 

+ 

75 

— 

.  0380 

258 

4-  53 

15 

49. 12 

.59 

—  10.0441 

.016 

+  1964 

+ 

21 

— 

.  034 

259 

4-  58 

53 

58.  60 

.11 

8 

—  9. 7203 

.  0030 

4-  1408 

4- 

22 

— 

.  3408 

260 

4-  45 

15 

48.77 

.16 

3 

—  9.6258 

.  0051 

-f  2443 

+ 

22 

.  0330 

261 

4-  68 

08 

22. 63 

.16 

3 

—  9.5012 

.  0065 

+  204 

+ 

52 

+ 

.  0690 

*262 

4-  58 

15 

50. 87 

.35 

1 

—  9. 4827 

.  023 

-f  1542 

4- 

23 

56 

4* 

.  040 

263 

22 

14.98 

.07 

17 

—  9.5740 

.  0032 

-f  4075 

4- 

— 

.  1434 

264 

4-  19 

07 

29. 87 

.23 

2 

—  9.3579 

.0113 

-|-  3466 

4- 

37 

— 

.  0931 

*265 

4-  40 

00 

31.66 

.49 

—  8.8149 

.014 

+  2699 

+ 

22 

+ 

.  005 

266 

4-  46 

36 

42.79 

.10 

9 

—  8.7700 

.0037 

+  2391 

+ 

20 

+ 

.  0226 

267 

4-  19 
4-  31 
4-  32 
4-  55 

26 

53. 32 

.13 

6 

—  8. 7062 

.  0043 

3502 

4* 

34 

26 

4 

.  0530 

268 

10 

59.72 

.20 

2 

—  8.5928 

.  0065 

+  3116 

4- 

4- 

.  1016 

269 

37 

33.  02 

.22 

2 

—  8. 6424 

.  0076 

-f  3072 

4- 

26 

4- 

.  0062 

*270 

29 

24.26 

.25 

1 

—  8.3192 

.  0090 

+  1765 

+ 

20 

+ 

.  0216 
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Catalogue  of  500  stars 


Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

d-a 

dP 

Ati 

v 

271 

5498 

a  Scorpii . 

1 

h.  m.  8. 

15  21  44.7 

8. 

+  3.668 

+ 

8. 

15 

// 

—  .18 

// 

—  .67 

272 

5512 

ij  Draconis . . 

3 

22  18.2 

4-  0.805 

+ 

18 

4-  .06 

—  .54 

*273 

5523 

30  Herculis . 

5 

24  32.3 

-f  1.968 

4- 

4 

—1.35 

—3.74 

274 

5520 

X  Opbiuclii . 

4 

24  36.6 

+  3.024 

+ 

6 

—  .07 

—1.42 

275 

5535 

34  Herculis . 

6.5 

26  40. 2 

+  1.644 

+ 

6 

4-  .75 

4-1.28 

*276 

5545 

15  Draconis . 

4.5 

28  14.  3 

—  0. 141 

+ 

41 

.00 

—  .41 

277 

5541 

32  Herculis . 

6 

28  37.  0 

4-  2.332 

+ 

3 

4-  .65 

—  .47 

278 

5552 

a  Herculis . 

4 

30  04.5 

4-  1.932 

4- 

4 

—  .  05 

4-  .40 

279 

5548 

f  Ophiuchi . 

3.5 

30  16.6 

4-  3.298 

+ 

9 

—1.65 

—2.  58 

280 

5568 

6 

32  32. 4 

4-  1.741 

+ 

5 

4-  .93 

4-1. 16 

281 

5596 

42  Herculis . 

5 

16  35  21.  4 

4-  1.625 

4- 

6 

4-  .27 

—  .41 

282 

5578 

a  Trianguli  Aust . 

2 

35  26.  9 

4-  6.287 

4- 

91 

—  .09 

—1.63 

283 

5604 

f  Herculis . 

3 

36  34.  5 

-j-  2. 263 

4- 

3 

—  .  14 

—  .(0 

284 

5617 

■q  Herculis. . 

3 

38  36.  7 

4-  2.  055 

4- 

4 

—1.44 

—2.  63 

*285 

5624 

46  Herculis . 

7 

40  06.7 

4-  2.  385 

+ 

3 

-f  .20 

4-1. 11 

286 

5643 

5 

42  55.  7 

4-  1.134 

+ 

10 

—  .21 

—1.85 

*287 

5644 

6 

43  19.8 

-f-  1.914 

+ 

4 

—  .23 

—  .60 

*288 

5658 

6 

44  17.8 

4-  1.237 

4- 

10 

4-  .09 

4-  .84 

*289 

5693 

53  Herculis . 

5 

48  13.6 

4-  2.  269 

4- 

3 

.00 

—1.00 

290 

5706 

6 

50  43.9 

4-  1.721 

+ 

5 

—1.38 

—4. 12 

291 

5708 

k  Opbiucbi . 

4 

51  45. 1 

4-  2.  835 

+ 

4 

—  .  2L 

—  .86 

292 

5731 

e  Herculis . 

3 

55  30. 5 

4-  2.293 

4- 

3 

—  .34 

—2. 15 

293 

5747 

59  Herculis . 

5 

56  59. 3 

4-  2.209 

4- 

3 

—1.  49 

—2. 89 

294 

5780 

e  Ursse  Miuoris . 

4 

58  50.  9 

—  6.  376 

4- 

307 

4-  .02 

—  .59 

295 

5776 

6 

17  01  31.  0 

-f  1.594 

+ 

6 

—  .01 

4-2.  89 

296 

5778 

t]  Scorpii . 

3.5 

03  12.1 

4-  4.286 

+ 

17 

—  .25 

4-  .57 

297 

5801 , 

6 

05  23.  9 

4-  1. 151 

+ 

8 

4-  .90 

4-3.  90 

*298 

5823 

f  Draconis . 

3 

08  25.7 

4-  0. 162 

4- 

19 

—  .02 

4-  .28 

299 

5821 

a1  Herculis . 

3.5 

08  56. 9 

4-  2.733 

4- 

3 

4-  .13 

—  .26 

300 

5834 

7r  Herculis . 

3.5 

10  41.6 

4-  2.087 

+ 

3 

—  .06 

—  .87 

301 

5847 

69  Herculis . 

4.5 

13  21.6 

4-  2.036 

4- 

3 

—  .68 

—3. 69 

*302 

5853 

6 

13  37.8 

4-  1.527 

4- 

5 

—  .56 

—4. 18 

303 

5874 

6 

17  37.6 

4-  1.968 

4- 

4 

—  .29 

4-  .93 

304 

5876 

44  Opbiucbi . . . 

5 

18  44.  2 

-f  3.657 

4- 

7 

—  .55 

-1.11 

305 

5886 

p2  Herculis . 

4 

19  22.  2 

4-  2.070 

+ 

3 

—  .  10 

-1.02 

*306 

5911 

77  Herculis . 

5.5 

23  25.  4 

4-  1.586 

+ 

4 

—  .30 

4-  .01 

307 

5918 

6 

24  12.5 

4-  0.895 

4- 

8 

4-  .50 

4-1.99 

308 

5937 

/ 3  Draconis . 

2.5 

27  36.  5 

-f  1.351 

4- 

5 

4-  .05 

—  .06 

309 

5941 

a  Ophiuchi . 

2 

29  08.  0 

4-  2.782 

4- 

3 

—  .22 

—1. 11 

310 

5997 

6 

36  50.6 

4-  1.815 

+ 

3 

4  .37 

.00 

311 

6006 

u  Draconis . 

4 

37  41. 1 

—  0.  355 

4- 

11 

4-  .46 

4-1.97 

312 

6021 

H  Herculis . 

4 

41  34.0 

-f*  2.  345 

4- 

4 

—  .40 

—1.49 

313 

6033 

87  Herculis . 

6 

43  45.0 

4-  2.430 

4- 

3 

—  .13 

—1. 17 

314 

6036 

7 

43  46.7 

4-  1.613 

4- 

3 

-f  .19 

4-1.30 

*315 

6047 

i/i1  Draconis . . . 

4.5 

44  09.9 

—  1.082 

4- 

2 

4-  .08 

—  .41 
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for  the  epoch  1875.0 — Continued. 


Number. 

Declinatiou, 

1875.0. 

Probable  error 
of  3,  1875. 

Weight. 

Annual  varia- 

tiou  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

45 

dt* 

45 

dl3 

Proper  motion 

m  d. 

O 

/ 

// 

// 

// 

// 

// 

// 

it 

271 

— 

26 

09 

09.18 

.09 

11 

_ 

8.  3734 

.0041 

+  4900 

+ 

71 

— 

.0367 

272 

+ 

61 

47 

51.11 

.07 

17 

— 

8.  2376 

.0026 

4  1107 

+ 

26 

+ 

.  0546 

*273 

+ 

42 

09 

28. 15 

.27 

1 

— 

8.  1111 

.0083 

+  2656 

+ 

20 

+ 

.0026 

274 

+ 

2 

15 

32.  64 

.  11 

8 

— 

8.  2062 

.0043 

4  4068 

4“ 

44 

.  0982 

275 

+ 

49 

14 

02. 15 

.43 

— 

8.  0040 

.0109 

+  2230 

+ 

18 

— 

.0612 

*276 

4 

69 

02 

18. 29 

.  13 

6 

_ 

7.  7958 

.0047 

—  157 

+ 

55 

+ 

.0209 

277 

+ 

30 

45 

45.  25 

.20 

2 

— 

7.  7908 

.0106 

4  3158 

+ 

24 

.0047 

278 

4 

42 

41 

45.  08 

.  12 

6 

— 

7.  6334 

.0041 

4  2637 

+ 

19 

+ 

.0350 

279 

10 

11 

43.56 

.  11 

8 

— 

7.  6308 

.0047 

4  4480 

+ 

52 

+ 

.  0212 

280 

+ 

46 

52 

01.93 

.40 

1 

— 

7. 4570 

.0116 

4  2379 

+ 

17 

-f- 

.0116 

281 

+ 

49 

10 

25.  04 

.19 

2 

_ 

7.2184 

.0052 

4  2335 

+ 

17 

+ 

.  0209 

282 

68 

47 

39. 59 

.22 

2 

— 

7. 2882 

.0094 

4  8585 

+ 

268 

— 

.  0563 

283 

+ 

31 

49 

49.  47 

.08 

15 

— 

6.  7387 

.  0032 

4  3068 

+ 

20 

+ 

.4010 

284 

39 

09 

39.  91 

.  10 

9 

— 

7. 0633 

.0030 

+  2844 

+ 

19 

.  0903 

*285 

+ 

28 

35 

15. 28 

.30 

1 

— 

6.  8077 

.0087 

4  3302 

+ 

22 

+ 

.  0421 

286 

4 

57 

00 

20. 98 

.  16 

4 

_ 

6. 5672 

.  0103 

4  1596 

+ 

17 

+ 

.  0505 

*287 

+ 

42 

27 

45.  06 

.29 

1 

— 

6.  6194 

.0104 

4  2668 

+ 

16 

— 

.  0350 

*288 

4 

55 

37 

54.61 

.29 

1 

— 

6.  5260 

.0122 

4  1751 

+ 

17 

— 

.  0216 

*289 

+ 

3L 

54 

35.  34 

.  19 

2 

— 

6.2002 

.0056 

+  3159 

+ 

19 

— 

.  0220 

290 

4" 

46 

44 

31.  22 

.34 

1 

— 

6. 0105 

.0131 

4  2428 

+ 

14 

— 

.0412 

291 

+ 

9 

34 

15.  45 

.07 

19 

_ 

5.  8897 

.0032 

4-  3947 

+ 

27 

— 

.  0056 

292 

4 

31 

06 

42. 18 

.  10 

9 

— 

5.  5476 

.  0042 

4-  3230 

+ 

17 

4“ 

.  0215 

293 

4 

33 

45 

01. 75 

.  15 

4 

— 

5.  4424 

.  0058 

4  3120 

+ 

16 

+ 

.  0021 

294 

4 

82 

14 

22.  49 

.07 

18 

— 

5.  2906 

.0028 

—  8926 

+ 

552 

— 

.  0029 

295 

+ 

48 

58 

37. 19 

.30 

1 

— 

5. 1532 

.0113 

4-  2285 

+ 

13 

— 

.0911 

296 

43 

04 

17.  25 

.29 

1 

__ 

5. 1936 

.0109 

4-  6083 

+ 

63 

— 

.2743 

297 

4 

55 

55 

38.  90 

.48 

— 

4. 6937 

.014 

4  1652 

-K 

14 

+ 

.  039 

*298 

+ 

65 

52 

06.  96 

.11 

7 

— 

4.  4578 

.0039 

4  251 

+ 

27 

+ 

.0168 

299 

4 

14 

32 

03.76 

.06 

23 

— 

4.  4039 

.  0022 

4-  3905 

+ 

19 

+ 

.  0264 

300 

+ 

36 

57 

03.05 

.11 

7 

— 

4. 2959 

.0050 

4  2987 

+ 

12 

— 

.0147 

301 

+ 

37 

25 

24. 62 

.18 

3 

_ 

4.  0069 

.0049 

4  2920 

+ 

11 

+ 

.0461 

*302 

4 

49 

49 

33. 75 

.30 

1 

— 

4.0157 

.  0123 

4  2190 

+ 

10 

+ 

.  0142 

303 

4 

40 

05 

54.51 

.26 

1 

— 

3.  7564 

.0100 

4  2840 

+ 

10 

— 

.  0697 

304 

24 

03 

29.05 

.13 

6 

— 

3.  7222 

.0060 

4  5260 

+ 

27 

— 

.  1311 

305 

4" 

37 

15 

43. 15 

.11 

7 

— 

3.  5458 

.  0042 

4  2985 

+ 

10 

— 

.  0092 

*306 

4 

48 

21 

56.  68 

.18 

3 

_ 

3. 2029 

.0058 

4  2299 

+ 

9 

— 

.  0159 

307 

4 

58 

45 

24.  50 

.25 

1 

— 

3.  0992 

.0110 

4  1303 

4 

12 

+ 

.  0199 

308 

4 

52 

23 

40.  57 

.07 

17 

— 

2. 8255 

.0025 

4  1959 

+ 

8 

— 

.  0006 

309 

4 

12 

39 

09.  44 

.06 

24 

— 

2.  9299 

.  0022 

4  4044 

+ 

12 

— 

.  2371 

_1_ 

43 

31 

58  67 

1. 9728 

4  2650 

4 

6 

+ 

.  050 

311 

4- 

68 

48 

55.  74 

.  11 

7 

1.  6258 

.0041 

—  499 

+ 

14 

+ 

.  3237 

312 

+ 

27 

47 

42. 17 

.07 

20 

— 

2.  3701 

.  0031 

4  3380 

+ 

8 

— 

.  7589 

313 

+ 

25 

39 

56.  97 

.18 

3 

— 

1.4703 

.  0057 

4  3538 

+ 

5 

— 

.  0497 

314 

+ 

47 

39 

22. 19 

.41 

1 

— 

1.  4053 

.014 

4  2358 

+ 

5 

+ 

.  013 

*315 

+ 

72 

12 

34.25 

.11 

7 

~ 

1.  6576 

.0040 

—  1565 

+ 

30 

.  2731 

606 
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Catalogue  of  500  stars 


1 

Number. 

g 

d  jj 

<3 

M 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia- 

tion  in  a. 

(Pa 

dP 

Ad 

A  f 

1).  m. 

8. 

8, 

8. 

// 

u 

31G 

6056 

88 

Herculis . 

6 

17  46 

47. 1 

+ 

1.  567 

3 

—  .05 

—1.  39 

*317 

6073 

89 

Herculis . 

5.5 

50 

22.  7 

+ 

2.  420 

+ 

2 

—  .20 

—  .96 

318 

C.079 

f 

51 

22. 1 

4- 

1.  036 

4- 

4 

+  1. 05 

+1.  02 

319 

6082 

0 

Herculis . 

4 

51 

57  9 

+ 

2.  053 

+ 

2 

—  .47 

—1.83 

320 

6091 

7 

Draconis . 

2 

55 

42.4 

+ 

1. 394 

+ 

3 

+  .04 

+  .28 

*321 

6114 

35 

Draconis . 

5 

55 

02.6 

— 

2.  696 

6 

+  .24 

+  .84 

322 

6115 

y3 

Sagittarii . 

4 

57 

46.7 

+ 

3.  852 

+ 

2 

+  .07 

+  .15 

323 

6150 

0 

Herculis . 

4 

02 

40.0 

+ 

2. 338 

+ 

2 

+  .  43 

-  .  bfi 

*324 

i ;  i  r,7 

102 

Herculis  . 

5.5 

03 

24.7 

+ 

2. 560 

+ 

2 

—  .41 

-1.69 

325 

6168 

P 

Sagittarii  . 

3.5 

06 

17.2 

+ 

3. 584 

+ 

1 

—  .38 

—  .  18 

*326 

6206 

40 

Draconis . 

5 

18  09 

2:1. 4 

— 

4.470 

_ 

26 

+  .59 

+3.  24  | 

327 

6216 

6 

12 

30. 0 

+ 

1.062 

+ 

1 

+  .46 

+1.50 

328 

6281 

6 

Ursse  Minoris . 

3 

12 

39.  3 

—  19.420 

—  385 

+  -17 

+  •  66 

329 

6229 

V 

Serpent  is . 

4 

14 

50.5 

+ 

3. 100 

+ 

2 

+  .  12 

—  .22 

330 

5959 

G 

Octantis . 

6 

15 

28.5 

+109. 058 

—11035 

+  .08 

—  .76 

*331 

6245 

6 

17 

17.6 

+ 

2.  645 

+ 

2 

+  .55 

+1.70 

*332 

6268 

u 

Lyrse . 

5.5 

20 

06.8 

+ 

1. 974 

+ 

2 

—  .65 

—1.  22 

*333 

6289 

39 

Draconis . 

5 

22 

04.9 

+ 

0. 874 

0 

—  .  18 

+  .22 

334 

6302 

X 

Draconis . . 

4.5 

23 

18.6 

1.  075 

— 

9 

—  .  15 

—1.  56 

*335 

6318 

6 

25 

58.8 

+ 

0.  820 

— 

1 

+  .38 

+1.61 

336 

6325 

1 

Aquilae . 

5.5 

28 

24. 3 

+ 

3.  272 

0 

+  .05 

—  .82 

337 

6355 

a 

Lyrse . 

1 

32 

42.4 

+ 

2.  031 

+ 

1 

00 

—1.  16 

*338 

6365 

6 

35 

58. 1 

4- 

2. 036 

4- 

-2 

—  12 

—  .48 

339 

6390 

e[ 

Lyrse  . 

5 

40 

11.9 

+ 

1.  986 

+ 

1 

—  .76 

—  .64 

340 

6387 

110  Herculis . 

5 

40 

17.0 

+ 

2.  582 

+ 

2 

+  .08 

+  .  65 

341 

6397 

Ill 

Herculis . 

5.5 

41 

30. 1 

+ 

2.  649 

+ 

1 

+  .03 

—1.29 

*342 

6421 

6 

44 

16.0 

1.547 

0 

+  .  35 

+2.  03 

343 

6429 

,3 

Lyrse  . 

3 

45 

27.9 

+ 

2. 214 

+ 

1 

—  .  53 

—2.  51 

344 

6440 

G 

Sagittarii . 

3 

47 

30.8 

+ 

3.  723 

5 

—  .03 

+  .28 

345 

6463 

0 

Draconis . 

5 

49 

21.4 

"I- 

0.887 

— 

4 

00 

—  .62 

346 

6478 

50 

Draconis . . 

5 

50 

23.  6 

1.901 

+1. 18 

+1. 65 

*347 

6476 

6 

51 

29.3 

+ 

1.580 

0 

+1.  45 

+1.  54 

348 

6487 

€ 

Aquilaj . 

3.5 

53 

57.  0 

2.  721 

1 

—  .05 

+  .74 

349 

6491 

7 

Lyrse  . 

3 

54 

16.0 

+ 

2.  242 

+ 

1 

—  .50 

—1.33 

350 

X 

3 

59 

36  o 

1 

3  184 

Q 

16 

57 

351 

6528 

C 

Aquilse . 

3 

18  59 

39.8 

1 

+ 

2.755 

0 

—  .08 

—1.  03 

*352 

6553 

17 

Lyrse . . 

6 

19  02 

42.0 

+ 

2.  266 

+ 

i 

—  .12 

—  .42 

*353 

6586 

55 

Draconis . 

6 

09 

17.7 

+ 

0.  238 

17 

+  .21 

+  .56 

354 

6584 

43 

Sagittarii . 

5 

10 

19.2 

+ 

3. 514 

— 

6 

—3.  50 

—5.  74 

355 

6585 

22 

Aquilse . 

6 

10 

19. 9 

+ 

2. 969 

— 

1 

—  .73 

—1.  78 

356 

6012 

(5 

Draconis . 

3 

12 

.31.3 

+ 

0.  033 

23 

+  .25 

4-  •  74 

357 

6623 

ti 

Cygni . 

4 

14 

12.8 

+ 

1.388 

— 

3 

—  .  14 

+  .40 

*358 

6024 

6 

14 

47.4 

+ 

2.  005 

— 

1 

—  .04 

+  .60 

359 

6650 

T 

Draconis . 

4.5 

17 

56. 7 

1. 108 

— 

58 

+  .70 

+1.06 

360 

6646 

6 

Aquilse . 

3.5 

19 

11.7 

+ 

3.  024 

— 

2 

+  -11 

+  .03 
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for  the  epoch  1875.0 — Continued. 


Number. 

Declination, 

1875.0. 

Probable  error 
of  <5, 1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

(Pi 5 
dt 3 

dt3 

Proper  motion 

in  6. 

o 

/ 

II 

II 

n 

// 

II 

II 

// 

316 

+ 

48 

25 

43.  42 

.22 

2 

— 

1. 1526 

.0063 

+ 

2287 

+ 

4 

+ 

.0031 

*317 

+ 

26 

04 

16.  59 

.  14 

5 

— 

0.8413 

.0065 

+ 

3528 

+ 

3 

+ 

.  0004 

318 

*4“ 

56 

53 

34.27 

.16 

4 

— 

0. 6840 

.0048 

+ 

1530 

4“ 

4 

+ 

.0712 

319 

+ 

37 

16 

05.  73 

.23 

2 

— 

0. 6902 

.0060 

2992 

4* 

3 

+ 

.0127 

320 

+ 

51 

30 

15.  44 

.07 

20 

— 

0. 5808 

.0023 

+ 

2037 

4" 

4 

.  0302 

*321 

+ 

76 

58 

40.  25 

.18 

3 

_ 

0. 1901 

.0052 

_ 

3913 

+ 

14 

+ 

.2434 

322 

30 

25 

23.  53 

.18 

3 

— 

0.  4128 

.0086 

4* 

5612 

0 

.2185 

323 

+ 

28 

44 

47.53 

.21 

2 

+ 

0. 2247 

.0064 

+ 

3408 

0 

— 

.0086 

*324 

+ 

20 

47 

45.  96 

.25 

1 

+ 

0.2617 

.0076 

+ 

3738 

— 

1 

— 

.0369 

325 

21 

05 

21.58 

.08 

14 

+ 

0. 5383 

.0036 

+ 

5216 

— 

7 

— 

.0118 

*326 

79 

58 

54.77 

.21 

2 

+ 

0. 9408 

.0062 

_ 

6486 

_ 

44 

+ 

.  1194 

327 

+ 

56 

32 

47.26 

.54 

+ 

1. 1722 

.015 

+ 

1556 

0 

+ 

.079 

328 

-J- 

86 

36 

27.  58 

.06 

24 

+ 

1. 1574 

.  0020 

—  28244 

— 

768 

+ 

.0506 

329 

2 

55 

45.  52 

.10 

9 

0. 6245 

.0012 

4“ 

4448 

— 

7 

.  6732 

330 

— 

89 

16 

38.77 

.  15 

4 

+ 

1. 3297 

.0067 

+159005 

—24722 

— 

.  0236 

*331 

+ 

17 

45 

53.82 

.39 

1 

H" 

1.  4948 

.022 

+ 

3840 

_ 

7 

— 

.017 

*332 

4" 

39 

26 

24. 24 

.22 

2 

4- 

1.7474 

.  0054 

+ 

2864 

— 

3 

— 

.0102 

*333 

+ 

58 

43 

43. 56 

.23 

2 

+ 

1. 9835 

.0064 

4" 

1250 

— 

2 

+ 

.  0542 

334 

+ 

72 

40 

40. 95 

.12 

6 

+ 

1.  6566 

.0037 

1401 

— 

9 

— 

.3796 

*335 

4- 

59 

27 

58.88 

.21 

2 

+ 

2. 3026 

.0089 

+ 

1179 

— 

4 

+ 

.  0341 

336 

_ 

8 

19 

46. 61 

.  11 

8 

+ 

2. 1489 

.0040 

+ 

4733 

_ 

18 

— 

.3302 

337 

+ 

38 

40 

06. 16 

.06 

26 

+ 

3. 1246 

.  0020 

+ 

2946 

— 

8 

+ 

.  2724 

*338 

38 

15 

07. 25 

.25 

1 

4" 

3. 1376 

.  0094 

+ 

2912 

— 

7 

+ 

.  0032 

339 

39 

32 

24. 90 

.12 

6 

3.  5520 

.0039 

+ 

2836 

— 

8 

+ 

.  0528 

340 

+ 

20 

25 

41.18 

.18 

3 

+ 

3. 1592 

.  0054 

+ 

3692 

— 

13 

— 

.3475 

341 

+ 

18 

02 

37.70 

.21 

2 

+ 

3.7118 

.0060 

3791 

— 

15 

+ 

.  1001 

*342 

+ 

49 

17 

39. 20 

.30 

1 

4~ 

3.  8772 

.0109 

+ 

2198 

— 

6 

+ 

.  0278 

343 

33 

13 

07. 21 

.06 

22 

4- 

3.  9352 

.  0025 

+ 

3150 

— 

11 

— 

.0171 

344 

26 

26 

59.  03 

.12 

7 

4* 

4. 0506 

.0049 

5296 

— 

42 

— 

.  0772 

345 

+ 

59 

14 

09. 28 

.12 

7 

4* 

4. 2994 

.0036 

+ 

1257 

— 

9 

+ 

.0138 

346 

75 

17 

07.  67 

.12 

6 

+ 

4.  4487 

.0059 

— 

2730 

— 

86 

+ 

.0745 

*347 

+ 

48 

42 

14.32 

.56 

+ 

4.  3480 

.  0131 

+ 

2216 

— 

8 

— 

.  1196 

348 

14 

54 

00. 16 

.13 

5 

+ 

4. 5926 

.  0045 

+ 

3831 

— 

21 

— 

.  0846 

349 

32 

31 

09.  33 

.11 

7 

+ 

4.  6905 

.0041 

+ 

3157 

— 

13 

— 

.  0138 

350 

5 

04 

05. 79 

.10 

9 

+ 

5.  0622 

.0041 

+ 

4462 

— 

34 

— 

.0957 

351 

13 

40 

45.  01 

.07 

20 

H- 

5.  0587 

.0030 

+ 

3856 

— 

23 

— 

.1033 

*352 

32 

18 

21.38 

.23 

2 

4* 

5. 4360 

.0064 

+  3170 

— 

16 

+ 

.  0178 

*353 

i 

65 

46 

10. 12 

.19 

2 

+ 

5.9941 

.  0072 

+ 

303 

— 

24 

+ 

.  0226 

354 

19 

10 

24.10 

.12 

6 

4“ 

6.  0397 

.  0045 

-f-  4855 

— 

52 

— 

.0174 

355 

+ 

4 

36 

57. 77 

.41 

1 

4- 

6.  0443 

.  0079 

+  4102 

— 

33 

— 

.0138 

356 

+ 

67 

26 

30.  05 

.08 

16 

H- 

6.  3259 

.0025 

+ 

45 

— 

32 

+ 

.0854 

357 

+ 

53 

08 

18.  45 

.  11 

8 

4" 

6.  4911 

.  0035 

+  1901 

— 

12 

+ 

.1100 

*35ft 

4- 

40 

07 

51  59 

6.  4379 

4-  2742 

— 

17 

+ 

.009 

359 

73 

07 

22.  06 

.14 

5 

4“ 

6.  7  984 

.0051 

— 

1589 

— 

82 

+ 

..1086 

360 

+ 

2 

52 

01.  79 

.07 

19 

4* 

6. 8691 

.  0028 

+  4142 

39 

+ 

.0763 
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Catalogue  o/500  stars 


Number. 

g 

5 

a 

. 

O* 

< 

PQ 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

d2a 

Up 

A  S 

A  fj' 

h.  m. 

s. 

s. 

ft. 

II 

II 

361 

6657 

5.5 

19  20 

15.4 

+  2.480 

+ 

2 

—  .33 

—1.65 

362 

6661 

5 

Vulpeculse . 

6. 5 

20 

45.9 

+  2.  619 

■f 

1 

4-  .03 

—2.  04 

*363 

6681 

6.5 

23 

31.2 

+  1.090 

6 

—  .07 

-f  .75 

364 

6690 

P 

Cygui . 

3 

25 

40.8 

-f  2.417 

+ 

1 

4-  .06 

—  .  04 

365 

6697 

t1 

Cygm . 

5 

26 

33.3 

-f  1.514 

2 

4-  .08 

4-  .55 

396 

6698 

8 

Cygui . 

6 

27 

08.3 

4-  2.234 

4- 

1 

—  .10 

—1.33 

367 

6713 

K 

Aquilse . . 

4 

30 

10.0 

+  3.230 

4 

—1.  92 

—2. 12 

*368 

6728 

5.5 

32 

33.9 

4-  1.910 

0 

4-  .62 

4-1.70 

369 

6734 

e 

Cygui . 

4 

33 

05.4 

+  1.609 

— 

2 

—  .08 

+1. 15 

*370 

6748 

5 

35 

52.7 

+  1.356 

— 

4 

+  -17 

4-1.90 

371 

6758 

10  Vulpeculse . 

6 

38 

31.1 

+  2.493 

4- 

1 

—  .13 

—1.45 

372 

6772 

y 

Aquilse . 

3 

40 

19.0 

+  2.852 

1 

—  .08 

—  .34 

*373 

6780 

5 

40 

48.6 

+  1. 178 

— 

7 

—  .48 

—  .57 

374 

6779 

5 

Cygui . 

3.5 

41 

04. 1 

+  1.876 

0 

—  .10 

—1. 12 

375 

6802 

a 

Aquilse . 

1.5 

44 

41.1 

-f  2.  928 

— 

2 

4-  .  14 

-f  .31 

*376 

6817 

5 

46 

20.0 

+  2.  062 

"f* 

1 

—  .10 

4-  .05 

*377 

6830 

6 

48 

26.2 

-1-  1.763 

0 

—  .56 

—  .68 

378 

6836 

e 

Draconis . 

5.5 

48 

35. 1 

—  0. 173 

— 

44 

4-1.40 

4-3. 11 

379 

6833 

it 

Aquilse . 

3.5 

49 

10.4 

4-  2.947 

— 

1 

—  .34 

—  .89 

380 

6999 

i 

Ursse  Minoris . 

(G) 

49 

17.8 

—60.  647 

—29716 

4-  .57 

4-1. 16 

381 

6856 

VJ 

Cygui . 

5.5 

52 

23.  9 

4-  1.554 

— 

2 

4-  .20 

4-3. 19 

*382 

6865 

6 

53 

19.  9 

4-  1.639 

— 

2 

4-  .40 

4-1.50 

383 

6879 

15 

Vulpeculse . 

5 

55 

57.2 

4-  2.  468 

+ 

1 

—2.  01 

—5.  04 

384 

6893 

r 

Aquilse . 

5.5 

58 

02.0 

4-  2.  933 

2 

—1.33 

—1. 14 

*385 

6937 

28 

Cvgni . 

5 

20  04 

47.2 

4-  2.226 

+ 

2 

—1.14 

—2.  53 

*386 

6970 

68 

Draconis . 

6 

09 

31.9 

-f  0.992 

_ 

14 

4-  .51 

4-2.  09 

387 

6965 

0* 

Cygui . 

4 

09 

41.8 

4-  1.889 

0 

-  .17 

-f  .17 

388 

6974 

a1 

Capricorni . 

3 

11 

07.0 

+  3.331 

— 

8 

—  .23 

4-  .03 

389 

7005 

1C 

Cepbei . 

4.5 

13 

03.7 

—  1.  899 

—  165 

4-1.28 

4-2.  93 

390 

7004 

a 

Pavonis . 

2 

15 

44.7 

+  4.787 

— 

59 

—  .33 

—4.  02 

*391 

7024 

71 

Draconis . 

6.5 

17 

31.3 

4-  1.014 

. 

14 

-f-  .  36 

4-  .61 

392 

7022 

y 

Cygui . 

3 

17 

44.5 

4-  2. 152 

+ 

2 

—  .  16 

—1.89 

393 

7031 

7 r 

Capricorui . 

5 

20 

09.9 

-f  3.441 

11 

—1.25 

4-1.27 

394 

7061 

40 

Cygni . 

6 

22 

56.4 

4-  2.221 

2 

—  .67 

—2.41 

*395 

7073 

42 

Cygui . 

6 

24 

34.4 

-f  2.287 

+ 

2 

—  .  13 

4-1.04 

396 

7088 

e 

Delpbini . 

4 

27 

14.4 

-f  2.  866 

_ 

1 

—  .43 

—  .19 

397 

7098 

e 

Cepbei . 

5 

27 

28.8 

4-  1.016 

— 

15 

4-  .20 

4-  .29 

*398 

7100 

6 

28 

31.3 

-f  2.086 

+ 

2 

—  .06 

.00 

399 

7124 

5.5 

30 

31.9 

—  0.210 

67 

—  .33 

4-  .24 

400 

7121 

P 

Delpbini . . 

4 

31 

41.2 

4-  2.  811 

0 

—  .23 

—1.41 

401 

7140 

29  Vulpeculse . 

5.5 

32 

56.3 

4-  2.  676 

+ 

1 

4-  .44 

—  .88 

402 

7149 

a 

Delphini . 

3.5 

33 

50.0 

+  2.789 

0 

—  .05 

—  .18 

*403 

7166 

6 

35 

46.3 

-f  1.560 

— 

3 

—  .17 

4-  .07 

404 

7171 

a 

Cygui . 

1 

37 

10.3 

4-  2.044 

4- 

2 

—  .25 

—  .94 

405 

7173 

6 

Delpbini . 

4 

37 

37.4 

4-  2.800 

0 

—  .33 

—1.81 
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for  the  epoch  1875.0 — Continued. 


Number. 

Declination, 

1875.0. 

Probable  error 

of  6,  1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

dH 
dt 2 

d36 

di3 

Proper  motion 

in  3. 

O 

/ 

// 

// 

// 

II 

li 

II 

1/ 

361 

+ 

24 

41 

17.  62 

.21 

2 

+  6. 2286 

.0057 

4-  3348 

_ 

22 

362 

+ 

19 

51 

03. 13 

.25 

1 

+  6. 8874 

.0061 

4-  3555 

_ 

27 

.  0344 

*363 

+ 

57 

46 

32. 43 

.40 

1 

+  7.1371 

.0103 

4-  1455 

_ 

15 

.  0105 

364 

“j" 

27 

41 

54.  06 

.09 

11 

+  7. 3094 

.  0038 

4-  3247 

— 

24 

.  0144 

365 

+ 

51 

27 

51. 12 

.12 

7 

+  7. 5195 

.0033 

4-  2024 

— 

14 

4- 

.  1245 

366 

+ 

34 

11 

17.  40 

.17 

3 

+  7. 4381 

.0068 

4-  3001 

_ 

21 

.  0043 

367 

— 

7 

18 

13.  08 

.  10 

9 

-j-  7. 6886 

.0044 

-f  4317 

— 

52 

4- 

.0008 

*368 

43 

25 

38. 7  3 

4-  7. 9023 

-j-  2526 

17 

i 

369 

+ 

49 

55 

56.67 

.  11 

8 

+  8. 1709 

.  0034 

4-  2122 

_ 

16 

-f- 

.  2475 

*370 

-f 

54 

40 

52. 85 

.35 

1 

-f-  8. 3070 

.017 

4-  1783 

— 

15 

4- 

.  160 

371 

+ 

25 

28 

26.  27 

.19 

2 

+  8.3641 

.0057 

4-  3269 

_ 

29 

4- 

.0065 

372 

+ 

10 

18 

36.  31 

.06 

25 

+  8. 4920 

.0021 

4-  3732 

_ 

41 

.0084 

*373 

+ 

57 

43 

08.  02 

.28 

1 

-j-  8.4776 

.0  06 

4-  1545 

— 

17 

_ 

.  0617 

374 

+ 

44 

49 

35.  66 

.  12 

6 

+  8. 5908 

.0044 

-f  2444 

— 

18 

4- 

.  0308 

375 

+ 

8 

32 

22. 75 

.06 

27 

+  9.2151 

.0020 

4-  3841 

— 

46 

4- 

.  3701 

*376 

+ 

40 

16 

56.92 

.41 

1 

+  8. 9377 

.  0132 

4-  2647 

_ 

21 

.  0365 

*377 

47 

36 

34.  95 

.24 

2 

+  9. 1196 

.0095 

4-  2256 

— 

18 

_ 

.0188 

378 

+ 

69 

56 

58.  38 

.12 

7 

+  9. 1772 

.0041 

—  245 

— 

56 

4- 

.0271 

379 

+ 

6 

05 

45.  45 

.06 

24 

+  8. 7049 

.0021 

-f  3783 

— 

46 

.  4909 

380 

+ 

88 

55 

51.48 

.06 

22 

+  9. 2170 

.0026 

—78715 

—56385 

+ 

0116 

381 

+ 

52 

06 

28.  04 

.13 

5 

+  9. 4175 

.0047 

4-  1955 

17 

.0281 

*382 

+ 

50 

34 

02.  65 

.56 

+  9. 5436 

.015 

4-  2066 

— 

18 

4- 

.026 

383 

+ 

27 

24 

32. 89 

.24 

2 

4-  9. 7185 

.0067 

4-  3110 

— 

33 

.  0004 

384 

+ 

6 

55 

35.  57 

.  15 

4 

4-  9. 8854 

.0064 

4-  3684 

— 

51 

4- 

.  0076 

*385 

+ 

36 

28 

21.23 

.22 

2 

4-  10.3933 

.0067 

4-  2733 

— 

28 

4- 

.0057 

*386 

+ 

61 

42 

01.60 

.26 

1 

4-  10.8185 

.0076 

4-  1196 

_ 

24 

4- 

.0779 

387 

+ 

46 

21 

46.  84 

.  12 

7 

4-  10.7554 

.0042 

4-  2279 

— 

22 

4- 

.0027 

388 

— 

12 

55 

50.  43 

.07 

19 

4-  10.8577 

.0025 

4-  4039 

— 

77 

4- 

0003 

389 

+ 

77 

20 

02.  43 

.  10 

9 

4-  11.0284 

.0038 

—  2360 

— 

220 

4- 

0283 

390 

— 

57 

07 

59. 13 

.24 

2 

4-  11.1055 

.0100 

4-  5741 

— 

212 

0902 

*391 

+ 

61 

51 

39. 15 

.37 

1 

4-  11.3494 

.0094 

4-  1166 

_ 

24 

4- 

0251 

392 

+ 

39 

51 

26.  82 

.09 

12 

4-  11.3333 

.0026 

4-  2539 

— 

28 

.0069 

393 

18 

37 

11.65 

.  11 

7 

4-  11.4971 

.0041 

4-  4060 

— 

89 

— 

.0173 

394 

+ 

38 

01 

50.  23 

.  18 

3 

4-  11.6583 

.0070 

4-  2576 

— 

30 

— 

.0541 

*395 

+ 

36 

02 

18. 19 

.  19 

2 

4-  11.8195 

.0072 

-f  2642 

— 

32 

— 

.0086 

396 

4- 

10 

52 

47. 17 

.08 

15 

4-  11.9939 

.0024 

4-  3294 

_ 

56 

_ 

.0219 

397 

+ 

62 

34 

27.40 

.  12 

6 

4-  12.0075 

.  0038 

4-  1138 

— 

25 

— 

.0251 

*398 

4- 

42 

46 

00.  62 

4-  12. 1784 

4-  2374 

28 

4- 

.073 

399 

+ 

72 

06 

28.  99 

.  15 

4 

4-  12.2255 

.0060 

—  299 

— 

77 

.0196 

400 

H- 

14 

09 

41.07 

.22 

2 

4-  12.2709 

.0064 

4-  3187 

— 

55 

— 

.0541 

401 

+ 

20 

45 

48.  44 

.27 

1 

4-  12.3925 

.0078 

4-  3015 

_ 

49 

_ 

.0188 

402 

+ 

15 

28 

20.  30 

.  10 

8 

4-  12.4808 

.0042 

4-  3138 

— 

54 

+ 

0082 

*403 

-j- 

55 

33 

52.71 

-j-  12.5450 

4-  1711 

_ 

22 

060 

404 

+ 

44 

50 

03. 97 

.06 

24 

4-  12.6916 

.0020 

4-  2253 

— 

28 

— 

0084 

405 

+ 

14 

37 

37.87 

.22 

2 

4-  12.6675 

.0060 

4-  3098 

— 

54 

— 

0631 

■39 
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Catalogue  of  500  stars 


Number. 

B.  A.  C.  num¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  iu  r. 

cPz 

dV2 

Ad 

V 

h.  m.  s. 

8. 

8. 

n 

// 

406 

7200 

Delpbini . 

4 

20  40  51.6 

+ 

2. 783 

0 

—  .30 

—1.40 

407 

7204 

e 

Cygni . 

3 

41  09.2 

+ 

2. 426 

+ 

3 

+1.32 

—2.  09 

408 

7206 

13  Delpbini . 

5.  5 

41  37.0 

+ 

2.  975 

3 

-  .02 

—  .84 

*409 

7215 

5 

42  14.8 

1.  489 

— 

4 

+  .06 

+  1.39 

410 

7220 

V 

Cepbei . 

3.5 

42  44.7 

+ 

1.230 

— 

14 

+  .02 

+1.29 

411 

7239 

U 

Aquarii . 

4.5 

45  54.6 

+ 

3. 240 

— 

8 

—1.56 

—2.  33 

*412 

7277 

V 

Cygni . 

.  4 

52  30.  8 

+ 

2.234 

+ 

4 

+  .09 

+  -77 

413 

7299 

5 

53  11.6 

2.  504 

— 

309 

+  .22 

+ 1 . 35 

*414 

7320 

6.5 

58  13.9 

+ 

2.  323 

+ 

4 

—  .39 

—  .93 

415 

7333 

Cygni . 

4 

21  00  23. 1 

+ 

2.  ISO 

+ 

4 

—  .10 

'  —  .93 

416 

7336 

611  Cvgni . 

5.5 

01  17.8 

+ 

2.  688 

+ 

15 

+  .53 

—  .54 

*417 

(Fed.  3689) . 

01  33.6 

+ 

1.462 

— 

6 

+  .29 

+2. 10 

*418 

7345 

63  Cvgni . 

5 

02  17.9 

+ 

2.  064 

+ 

4 

—  .  15 

—2.  44 

419 

7368 

? 

Cygni . 

3 

07  37.  0 

+ 

2. 550 

+ 

4 

—  .  77 

—1.  13 

*420 

7377 

5 

08  37.2 

+ 

1.530 

4 

+  .09 

+  .82 

421 

7380 

a 

Eqnuleii  . 

4.5 

21  09  34.  5 

+ 

3.  001 

— 

3 

+  .07 

—  .  02 

422 

7385 

T 

Cygni . 

5 

09  48. 1 

+ 

2.  391 

+ 

4 

—  .52 

—2. 68 

*423 

7398 

G 

Cygni . 

4.5 

12  30. 4 

+ 

2.  353 

+ 

5 

+  .60 

+2. 13 

424 

7399 

V 

Cygni . 

4.  5 

12  46.7 

+ 

2. 463 

+ 

5 

—  .07 

—  .88 

*425 

7416 

a 

Cepbei . 

3 

15  35. 7 

+ 

1.437 

7 

+  .40 

+1.58 

426 

7418 

i 

Pegasi  . 

4 

16  18.4 

+ 

2.774 

+ 

2 

+  .02 

—  .39 

*427 

7448 

6 

19  46.  9 

2. 006 

+ 

5 

-1.24 

—3.  37 

*428 

7453 

i 9  Cygni . 

6.5 

20  40.6 

+ 

2.445 

+ 

6 

+  .28 

+  .04 

429 

7484 

7 

23  30.0 

4.  602 

844 

+  -17 

+  -  A 

*430 

7480 

71  Cygui . 

5 

24  50.2 

+ 

2. 209 

+ 

6 

+  .04 

—  .  36 

431 

7478 

P 

Aquarii . 

3 

24  58.7 

+ 

3. 164 

_ 

7 

+  .01 

—  .45 

432 

7493 

3 

Cepbei . 

3 

27  02.  4 

+ 

0.  799 

— 

34 

+  .30 

+1.23 

*433 

7489 

6 

27  15.5 

+ 

2. 017 

+ 

5 

+1.  57 

+6.  10 

*434 

7505 

72 

Cygni . 

5.5 

29  40.  3 

+ 

2.  446 

+ 

7 

—  .39 

—  .06 

435 

7514 

S 

Aquarii . . 

5 

31  05.8 

+ 

3. 198 

8 

—  .92 

—1.  83 

436 

7521 

74 

Cygni . 

6 

31  56.4 

~h 

2.  400 

+ 

7 

—  .51 

—1.02 

437 

6554 

76 

Cygni . 

6 

36  32.7 

+ 

2.408 

“4" 

8 

—  .18 

—3.  88 

438 

7561 

e 

Pegasi  . . 

2.5 

38  02.  8 

+ 

2.  948 

1 

—  .13 

—  .58 

*439 

7566 

79 

Cygni . 

6 

38  15.4 

+ 

2.  473 

+ 

4 

—1 . 07 

—3.50 

440 

7571 

K 

Pegasi  . 

4 

38  59. 1 

+ 

2.711 

4 

5 

—  .63 

—2.87 

441 

7588 

ll 

Cepbei . 

4.5 

40  05. 1 

+ 

0.  903 

_ 

33 

+  .43 

+  1.65 

*442 

7595 

V 

Cepbei . 

4.5 

41  50.6 

+ 

1.730 

-f 

2 

+  .09 

+  .  85 

*443 

7605 

12 

Cepbei . 

6 

43  44.  0 

+ 

1.766 

+ 

3 

+  .52 

+  1.40 

444 

7618 

U 

Capricorn  i.  . . 

5 

46  28.7 

+ 

3.  279 

11 

—1.03 

-3.33 

*445 

7627 

16 

Pegasi  . 

5.5 

47  22.  5 

+ 

2.  727 

+ 

5 

—  .21 

—  .51 

*446 

7636 

6 

48  54.  4 

~r 

2.  014 

+ 

8 

+  .64 

+2.17 

447 

7654 

79  Draconis . 

6 

51  18.7 

+ 

0.  736 

46 

+  .69 

+4.  02 

*448 

7686 

16  Cephei . 

5 

57  27. 5 

+ 

0.1-82 

— 

37 

—  .21 

—  .95 

*449 

7679 

6 

57  36.6 

+ 

2.  458 

+ 

10 

+  1. 16 

+3.  60 

450 

7688 

a 

Aquarii . 

♦  > 

59  21.  8 

+ 

3.  083 

4 

—  .04 

+  .01 
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for  the  ejwch  1875.0 — Continued. 


Number. 

Declination,  1875.0. 

Probable  error 

of  <J,  1875. 

b/j 

P 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 
of  annual  va¬ 
riation.  . 

d*6 

dP 

cP6 
dt 3 

Proper  motion 

d 

c 

/ 

// 

II 

// 

II 

II 

II 

// 

406 

4-  15 

40 

29.  78 

.12 

7 

-f  12.7372 

.  0044 

-f  3040 

_ 

55 

2110 

407 

+  33 

30 

10.  44 

.09 

10 

4-  13.2739 

.  0035 

4-  2674 

_ 

43 

4- 

.  3001 

408 

+  & 

33 

00.  58 

.33 

1 

+  12.9902 

.  0085 

4-  3250 

_ 

07 

.  0084 

*409 

+  57 

07 

54. 11 

.30 

*1 

+  12.8095 

.  0087 

4-  1581 

_ 

21 

.2311 

410 

+  01 

21 

13.  39 

.  12 

7 

+  13.8896 

.  0033 

-f  1319 

— 

29 

4- 

.  8159 

411 

—  9 

27 

03.  64 

.  10 

10 

+  13.2392 

.  0040 

4-  3484 

86 

.  0433 

*412 

+  40 

41 

12.  20 

.  12 

6 

+  13.6915 

.  0040 

4-  2318 

_ 

34 

.  0183 

413 

+  80 

04 

56.  31 

.  14 

4 

-f  13.7227 

.  0048 

—  2729 

_ 

371 

.  0305 

*414 

+  38 

09 

50.  69 

.24 

2 

4-  14.0641 

.  0092 

4-  2354 

_ 

38 

.  0066 

415 

-f  43 

25 

47.  90 

.  14 

5 

+  14.2037 

.0041 

4-  2184 

— 

33 

— 

.  0006 

416 

+  59 

08 

08.  47 

.07 

17 

-f  17.4880 

.0028 

4-  2991 

37 

+  : 

.  2276 

*417 

+  59 

•45 

31. 97 

14.2617 

-j-  1430 

2$ 

*418 

4-  47 

08 

48.  05 

.23 

2 

+  14.3066 

.  0057 

-f  2045 

_ 

30 

.0154 

419 

+  29 

42 

54.  22 

.07 

18 

+  14.5765 

.  0032 

4-  2477 

— 

49 

.0673 

-  120 

+  59 

28 

22.71 

.29 

1 

+  14.6950 

.  0079 

4-  1454 

— 

23 

— 

.  00H8 

4-21 

+  1 

43 

55.  81 

.14 

4 

4-  14.6732 

.  0048 

4-  2902 

76 

.  0872 

422 

-|-  37 

30 

45.  48 

.  14 

4 

4-  15.2070 

.  0044 

4-  2308 

— 

13 

4- 

.  4332 

*423 

4-  38 

52 

17.  47 

.  13 

5 

4-  14.9311 

.  0043 

-f  2226 

— 

41 

.0017 

424 

-f  34 

22 

22.  33 

.28 

1 

4-  14.9299 

.  0066 

4-  2330 

— 

45 

_ 

.  0188 

*4-25 

-f-  02 

03 

23.  00 

.07 

21 

4-  15.1537 

.  0022 

4-  1334 

— 

24 

4- 

.0418 

426 

+  19 

16 

14.37 

.  12 

6 

4-  15.2039 

.  0040 

4-  ,2593 

__ _ 

62 

4- 

.051 1 

*427 

+  51 

07 

11.76 

.28 

1 

4-  15.3164 

.  0101 

4-  1816 

— 

30 

.  0337 

*428 

+  36 

07 

41.23 

.25 

1 

4-  15.3758 

.  0067 

4-  2220 

— 

45 

_ 

.  0246 

429 

-f  83 

43 

44.24 

.30 

1 

4-  15.5592 

.0111 

—  4299 

— 

947 

4- 

.  0017 

*430 

+  45 

59 

24.  26 

.  19 

3 

“f~  15.  7^04 

.  0052 

-f  1953 

— 

36 

4- 

.  0984 

431 

—  6 

07 

12.  05 

.06 

24 

4-  15.6223 

.  0028 

4-  2823 

_ 

92 

.0165 

43‘2 

-f  70 

00 

43.  81 

.07 

21 

-j-  15.7404 

.0022 

4-  655 

— 

37 

_ 

.  0047 

*433 

+  52 

04 

09.  69 

4-  15.8139 

....  -  .... 

4-  1746 

— 

30 

~l~ 

.051 

*434 

+  37 

58 

27.  35 

.14 

5 

4-  15.9769 

.  0044 

4-  21 16 

— 

46 

4- 

.  0844 

4:5 

—  8 

24 

49.  39 

.  10 

9 

4-  15.9330 

.0041 

4-  2758 

— 

96 

.  0353 

436 

+  39 

51 

09. 77 

.24 

2 

4-  16.0117 

.  0059 

-f  2039 

_ 

44 

.  0002 

4-  40 

14 

10.92 

.  33 

1 

4-  16.1694 

.  0084 

4-  1987 

— 

45 

— 

.  0828 

438 

+  9 

18 

10. 14 

.  07 

19 

4-  16.3231 

.  0031 

4-  2428 

— 

78 

— 

.  0058 

*439 

+  57 

42 

42.66 

.55 

...... 

4-  16.3075 

.019 

-f  2021 

— 

51 

— 

.  032 

440 

-f  25 

04 

16.37 

.  19 

3 

4-  16.3657 

.  0054 

4-  2212 

— 

62 

— 

.0107 

441 

4-  70 

44 

10.05 

.  12 

6 

4-  16.5283 

.  0052 

4-  709 

_ 

35 

4 

.  0965 

*442 

4-  60 

32 

39.  77 

.  11 

8 

-f  16.5080 

.  0034 

4-  1359 

- ' 

•26 

.0115 

*443 

4-  60 

06 

46.  94 

.30 

1 

4-  16.6117 

.  0079 

4-  1374 

— 

26 

— 

.0010 

444 

—  14 

08 

21.03 

.11 

8 

4-  16.7437 

.  0040 

-f  2576 

— 

107 

— 

.  0023 

*445 

+  25 

20 

15. 72 

.08 

13 

-f  16.7769 

.  0049 

-f  2102 

— 

64 

— 

.  0121 

*416 

4-  55 

37 

25. 52 

.24 

2 

4-  16.8636 

.  0063 

-f  1518 

— 

31 

4- 

.0017 

447 

+  73 

06 

39. 91 

.  12 

6 

4-  17.0061 

.0061 

4-  505 

— 

41 

4- 

0312 

*448 

+  72 

35 

06. 16 

.  16 

4 

-f  17.0786 

.  0050 

4-  568 

— 

35 

1765 

*449 

4  42 

12 

42.76 

-f  17.2950 

4-  1748 

_ 

49 

4- 

033 

450 

—  0 

55 

34. 69 

.06 

28 

4-  17.3257 

.0020 

4-  2185 

— 

92 

0139 
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Catalogue  of  500  stars 


Number. 

B.  A.  C.  u  um¬ 
ber. 

Name. 

Magnitude. 

Approximate 

right,  ascen¬ 

sion,  1875.0. 

Annual  varia¬ 

tion  in  a. 

d-a 

dl2 

A4 

V 

451 

7689 

v  Pegasi . 

5 

li.  m.  s. 

21  59  22.  5 

8 . 

+  3.  028 

8. 

—  2 

1/ 

—  .43. 

// 

—  .82 

452 

7692 

a  Gniis . 

2 

22  00  20. 7 

+  3.  810 

— 

46 

—  .37 

—1.  22 

453 

7706 

i  Pegasi  . 

4 

01  11.6 

-f  2.789 

+ 

6 

+  .11 

—1.41 

454 

7733 

28  Pegasi  . . 

6 

04  35.  8 

+  2?  832 

+ 

5 

+  .36 

-1.59 

455 

7749 

£  Cepbei . 

4 

06  31.2 

+  2.073 

+ 

11 

+  .01 

—  .63 

*456 

7755 

X  Cepbei . 

5.5 

07  16.3 

+  2.  036 

+ 

11 

—  .  14 

00 

*457 

7765 

5 

08  30.9 

+  2.  568 

+ 

11 

4-  .40 

+1.48 

458 

7773 

6  Aquarii . 

4.5 

10  14.2 

+  3. 170 

8 

—  .74 

—1.38 

*459 

7787 

6 

13  48.  4 

+  2.310 

+ 

14 

+  .78 

+2.  80 

460 

7795 

y  Aquarii . 

3 

15  12.  0 

+  3. 102 

4 

—  .02 

+  .68 

*461 

7800 

2  Laeertie . 

5 

15  52.  0 

-f  2.  468 

+ 

14 

—  .38 

—  .92 

462 

7814 

7 r  Aquarii . 

5 

18  53.  6 

-f  3.065 

— 

3 

— •  .47 

—  .  76 

*463 

7820 

4  Lacertse . 

5 

19  27.  0 

+  2.  419 

+ 

15 

—  .54 

—  .74 

464 

7843 

38  Pegasi . 

6 

24  18.  9 

+  2.738 

+ 

11 

—  .22 

—  .89 

465 

7848 

(53  Cepbei . 

4.5 

24  31.9 

+  2.215 

+ 

17 

4-  .56 

+2.01 

466 

7855 

c  Lacertse . 

4 

26  08.6 

+  2.  459 

+ 

17 

4-  .05 

+  .55 

467 

7868 

?7  Aquarii . . . 

4 

28  56. 0 

+  3.084 

3 

—  .  17 

+1.28 

468 

7881 

5.5 

30  04.  4 

-f  1.082 

— 

33 

+  .59 

+  .11 

*469 

7882 

6 

30  42.  0 

-f  2.  479 

+ 

17 

—  .07 

+1.40 

*470 

7907 

6 

34  31.  9 

+  1.301 

18 

4-  .76 

+3.  80 

471 

7908 

f  Pegasi  . 

3 

35  13.6 

+  2.  988 

+ 

2 

00 

+1.63 

472 

7923 

Pegasi  . 

3 

37  08.7 

+  2.804 

*4" 

11 

—  .30 

—1.18 

*473 

7945 

X  Pegasi  . . 

4.5 

40  30.  6 

+  2.883 

+ 

8 

—  .11 

—  .08 

474 

7958 

H  Pegasi  . 

4 

43  58.3 

+  2.888 

+ 

9 

—  .03 

+  .07 

*475 

7962 

14  Lacertse . 

6 

44  43.7 

-f  2.  694 

+ 

17 

+  -18 

—  .52 

476 

7967 

t  Cepbei  . 

4 

45  14.0 

+  2. 119 

+ 

22 

+  .26 

+  .80 

477 

7970 

X  Aquarii . 

4 

46  05. 5 

+  3.131 

6 

—  .99 

—1.73 

478 

7992 

a  Piscis  Australis . 

1 

50  44.  3 

+  3.327 

— 

21 

—  .28 

+  .92 

479 

8023 

o  Andromedaa . 

4 

56  10.4 

-}-  2,  /  47 

+ 

19 

—  .64 

—2.64 

*480 

8024 

6.5 

56  14.  0 

+  2.  519 

+ 

26 

—  .10 

— 1.3L 

481 

8032 

/3  Pegasi  . 

2 

57  43. 1 

+  2.  904 

+ 

12 

—  .58 

—1.47 

482 

8034 

a  Pegasi  . 

2 

58  32. 1 

+  2.  984 

6 

—  .23 

—  1.81 

*483 

8036 

3  Audromedse . 

5.5 

58  34.  5 

+  2.676 

+ 

23 

—  .22 

+  .13 

*484 

8059 

5  Andromedse . 

6 

23  02  04. 9 

+  2.  708 

~i“ 

24 

4-  .01 

+  .01 

*485 

8083 

6 

07  16.2 

+  2.861 

4- 

37 

00 

+  .09 

486 

8124 

o  Cepbei . 

5.5 

13  30. 1 

+  2.  438 

+ 

41 

+1.61 

+3. 62 

*487 

8128 

10  Andromedse . 

6 

13  55. 7 

+  2.842 

+ 

21 

—  .45 

—1.05 

488 

8177 

0  Piscium . 

5 

21  37.  6 

-f-  3.041 

+ 

3 

—1.64 

—3.  03 

*489 

8206 

72  Pegasi . 

5.5 

27  45. 1 

+  2. 963 

+ 

16 

—  .21 

—  .53 

490 

8224 

X  Andromedse . 

4.5 

31  27. 1 

+  2.917 

+ 

28 

+  .92 

00 

491 

8229 

l  Andromedse . 

4 

23  32  00. 6 

+  2.  923 

•-f" 

25 

+  .26 

—1.70 

492 

8233 

i  Piscium . 

4.5 

33  31.  4 

+  3.085 

3 

—  .19 

+1. 18 

493 

8238 

y  Cepbei . 

3 

34  13.8 

+  2.  405 

+ 

73 

+  .42 

+1. 15 

494 

8237 

k  Andromedse . 

4.5 

34  15.4 

+  2.937 

4 

26 

+  .47 

—  .41 

*495 

8273 

5 

41  56.6 

+  2.823 

+ 

60 

—  .23 

—1.38 
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Number. 

Declination,  1875.0. 

Probable  error 

of  6, 1875. 

Weight. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

cPd 

dP 

m 

dt> 

Proper  motion 

.2 

O 

/ 

// 

// 

// 

U 

// 

// 

//  . 

451 

“f” 

4 

26 

54.27 

.24 

2 

+ 

17. 4299 

.0070 

+ 

2150 

— 

87 

+ 

.0898 

452 

47 

33 

54. 17 

.22 

2 

+ 

17.2104 

.  0094 

+ 

2703 

— 

169 

.  0282 

453 

+ 

24 

44 

06.  85 

.  13 

6 

+ 

17.  4253 

.0043 

+ 

1955 

— 

69 

+ 

.0059 

454 

+ 

20 

21 

51.76 

.25 

1 

+ 

17. 5392 

.0070 

+ 

1916 

— 

73 

.  0259 

455 

+ 

57 

35 

07.92 

.10 

9 

+ 

17.  6493 

.0032 

4- 

1361 

— 

34 

.0037 

*456 

-f 

58 

47 

53.  44 

.25 

1 

+ 

17.  6458 

.0072 

+ 

1330 

_ 

33 

— 

.0310 

*457 

•j" 

39 

05 

43. 24 

.20 

2 

+ 

17.7168 

.0059 

+ 

1672 

— 

56 

— 

.0112 

458 

8 

24 

17.  80 

.08 

15 

+ 

17.7731 

.0035 

+ 

2059 

— 

102 

— 

.  0248 

*459 

4- 

52 

01 

49.94 

-j- 

17. 9577 

+ 

1426 

_ 

43 

-f 

.018 

460 

2 

00 

59. 24 

.09 

12 

+ 

18. 0066 

.0036 

+ 

1925 

— 

96 

+ 

.  0128 

*461 

+ 

45 

54 

26.  93 

.26 

1 

+ 

18.  0002 

.0071 

+ 

1501 

— 

51 

— 

.  0192 

462 

+ 

0 

44 

37.  64 

.  12 

6 

+ 

18. 1296 

.0046 

+ 

1831 

— 

93 

— 

.0046 

*463 

48 

50 

34.36 

.26 

1 

18. 1255 

.  0059 

+ 

1423 

— 

48 

— 

.  0294 

464 

+ 

31 

56 

00. 28 

.  18 

3 

+ 

18.  3128 

.0069 

+ 

1542 

— 

69 

— 

.0189 

465 

+ 

57 

46 

33. 16 

.15 

4 

+ 

18. 3424 

.0040 

+ 

1229 

— 

39 

+ 

.0031 

466 

+ 

49 

-38 

25. 05 

.11 

8 

+ 

18. 4025 

.0035 

+ 

1357 

— 

51 

+ 

.0065 

467 

00 

45 

40.21 

.07 

17 

+ 

18.  4345 

.  0036 

+ 

1663 

— 

96 

— 

.  0572 

468 

+ 

75 

34 

56.  49 

.16 

4 

+ 

18. 5212 

.  0061 

+ 

523 

— 

31 

— 

.0089 

*469 

_1_ 

49 

25 

26  62 

4- 

18. 5690 

-j- 

1294 

_ 

52 

+ 

.  018 

*470 

+ 

74 

43 

19. 24 

.33 

1 

+ 

18.7168 

.0111 

+ 

592 

— 

26 

+ 

.041 

471 

4- 

10 

10 

45. 77 

.07 

18 

+ 

18. 6852 

.0031 

+ 

1497 

— 

89 

— 

.0127 

472 

+ 

29 

34 

04.43 

.11 

7 

+ 

18.7101 

.  0042 

+ 

1366 

— 

74 

— 

.  0478 

*473 

+ 

22 

54 

29. 73 

.  12 

6 

+ 

18. 8352 

.0040 

+ 

1347 

— 

80 

— 

.  0248 

474 

+ 

23 

56 

31.11 

.12 

6 

+ 

18. 9105 

.0043 

+ 

1294 

— 

81 

— 

.  0503 

*475 

+ 

41 

17 

31. 12 

.30 

1 

+ 

18. 9721 

.0076 

+ 

1185 

— 

66 

— 

.0102 

476 

+ 

65 

32 

35.  59 

.  10 

9 

+ 

18.  8635 

.0031 

+ 

903 

— 

35 

— 

.1330 

477 

8 

14 

39. 10 

.09 

11 

+ 

19.  0561 

.0037 

+ 

1364 

— 

103 

+ 

.  0357 

478 

_ 

30 

17 

03.  08 

.12 

7 

+ 

18.  9746 

.  0057 

+ 

1371 

— 

123 

— 

.1708 

479 

+ 

41 

39 

15.78 

.  12 

6 

+ 

19.2431 

.0043 

+ 

1019 

— 

70 

— 

.  0384 

*480 

4- 

56 

26 

02.61 

.33 

1 

+ 

19. 2638 

.0134 

+ 

926 

— 

55 

— 

.0191 

481 

-f 

27 

24 

18.  34 

.12 

7 

+ 

19. 4466 

.0038 

+ 

1061 

— 

83 

— 

.1283 

482 

-j- 

14 

31 

59.01 

.06 

24 

+ 

19. 2872 

.  0022 

+ 

1071 

— 

90 

— 

.  0501 

*483 

4- 

49 

22 

22.11 

.18 

3 

+ 

19.  4886 

.0053 

+ 

959 

— 

66 

+ 

.  1503 

*484 

4- 

48 

36 

54. 62 

.25 

1 

+ 

19. 5354 

.  0062 

+ 

909 

— 

68 

+ 

.  1181 

*485 

+ 

56 

28 

41.74 

.22 

2 

+ 

19.7947 

.0076 

+ 

919 

— 

79 

+ 

.2689 

486 

4- 

67 

25 

40. 26 

.  12 

6 

+ 

19. 6601 

.0044 

+ 

636 

— 

51 

+ 

.0172 

*487 

4- 

41 

23 

38.  04 

.26 

1 

+ 

19.  6509 

.0067 

+ 

742 

— 

78 

+ 

.  0005 

488 

4- 

5 

41 

33.  03 

.12 

6 

+ 

19.7175 

.0039 

+ 

652 

— 

96 

— 

.  0563 

*489 

4- 

30 

38 

07. 66 

.25 

1 

"j" 

19.  8347 

.  0060 

+ 

520 

— 

89 

— 

.  0213 

490 

+ 

45 

46 

51.87 

.  19 

3 

+ 

19.  4689 

.0047 

+ 

446 

— 

85 

.  4300 

491 

4- 

42 

34 

34.26 

.13 

6 

+ 

19.  8999 

.0050 

+ 

434 

— 

86 

— 

.0050 

492 

4- 

4 

56 

56. 19 

.07 

19 

+ 

19.  4773 

.  0029 

+ 

437 

— 

102 

— 

4432 

493 

4- 

76 

56 

04.87 

.07 

21 

+ 

20.0711 

.  0022 

+ 

304 

— 

49 

+ 

.  1435 

494 

+ 

43 

38 

31.  17 

.25 

2 

+ 

19.  9077 

.  0060 

+ 

395 

— 

87 

— 

.  0201 

*495 

+ 

67 

06 

44. 16 

.16 

4 

+ 

19.  9722 

.  0051 

+ 

238 

78 

.  0198 
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Number. 

• 

Q  S 

<* 

PQ 

Name. 

Magnitude. 

©  1 

■g  go 

5  go 

*  “s 

SL  O 
‘3 

Annual  varia¬ 

tion  in  t:. 

cl2  a 
dt'1 

A  (5 

ty! 

h.  m.  s. 

s. 

s. 

// 

n 

*496 

8314 

5 

23  48  46.  3 

+  2.  850 

88 

—  .25 

—  .70 

*497 

8324 

if)  Pegasi  . 

5.5 

51  23.5 

+  3.047 

+ 

15 

—  .06 

—  .  10 

498 

8331 

a  Piscium  . 

4.5 

52  53.  6 

+  3.078 

+ 

5 

—  .87 

—1.26 

*499 

8344 

5 

55  15.0 

+  3.026 

+ 

52 

+  .37 

+1.59 

*500 

8366 

5 

58  J39.  4 

+  3.061 

54 

—  .  16 

+  .90 
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for  the  epoch  1875.0 — Continued. 


Number. 

Declination, 

1875.0. 

Probable  error 
of  4,  1875. 

Weiglit. 

Annual  varia¬ 

tion,  1875.0. 

Probable  error 

of  annual  va¬ 

riation. 

o 

/ 

// 

// 

// 

// 

*496 

-f-  7  •> 

42 

53. 04 

.  13 

5 

+  20.0211 

.0066 

*497 

+  24 

26 

47.71 

.  15 

4 

+  19.9960 

.0054 

498 

+  6 

10 

16.  47 

.08 

16 

+  19.9300 

.0032 

*499 

+  60 

31 

35.85 

.25 

1 

+  20.0299 

.0077 

*500 

+  60 

37 

04.  34 

.47 

+  20.  0599 

.016 

di- 


+ 

+ 

+ 

+ 


117 

81 

53 

5 

60 


<i34 
di, 3 

Proper  motion 

in  <5. 

// 

// 

—  60 

—  . 0090 

—  98 

—  . 0440 

—  101 

—  .1146 

—  95 

—  . 0201 

—  99 

+  .006 
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— , - Wn  68 .  61 

— , - Wn  68  and  Me  68 .  68 

— ,  Table  II,  first  approximation .  76 

— ,  definitive  determination  of . 93-169 

— ,  depending  on  A.  E.,  remarks  on .  94, 96 

— ,  to  decimations  from— 30°  to — 90° .  94 

— ,  Table  VI,  preliminary .  95 

— ,  definitive,  Tablo  IX,  order  of  declination . .  154 

— ,  — ,  Tablo  X,  order  of  A.  E .  159 

- ,  Table  XII .  168 

— ,  recapitulation  of . . .  173 


Taylor,  T.  G.  (See  Madras.) 
Vienna  Obs . 


Pago. 


.17,21, 102 


Washington  Observations . 7, 9, 68, 81 

— ,  Mural  Circle. ..  15, 16, 19, 40, 81, 121, 127, 138, 167 

— ,  Prime  Vertical  Transit . 18, 106 

— ,  Transit  Circle,  1865-1869,  Special  discus¬ 
sion  of . 

— , - catalogue  of  Wn  68 .  62 

— , - comparison  with  Me  68 . . . .  66 

— , - description  of  observations .  44 

— , - discordance  “E-D” .  50 

— ,, - ,  table  of,  for  Wn  67 .  52 

— , - Wn  68 .  54 

— , - latitude .  59 

— , - ,  secular  variation  of .  60 

— , - nadirs  in  1867,  correction  of .  46 

— , - notation .  45 

— , - probable  error .  48 

— , - refraction . 59,66,81 

— , - systematic  corrections . .  61,68 

— , - weights,  table  of .  53 

— , - zenith  points  for  1868  .  47 

— ,  results  for  1868-1869 . 81, 149 

— ,  results  for  1870-1874 . 68, 70, 81, 152 

— ,  special  table  of  corrections  to  ass’d  <5 _  69 

Weights,  preliminary,  for  normal  system..  72 

— ,  final . 93,96, 163 

— ,  Tablo  XI  (definitive) .  160 

Wien.  (See  Vienna.) 

Wilson,  O.  S .  5 

Wolfers,  Tabu  bo  Eeductionum. . . 5,144 

Yarnall,  Prof.M.  ((See  Washington,  Mural 

Circle) .  19,  40 

Young’s  refractions .  22 


Explanation. — It  has  been  found  necessary  to  omit  Part  2  of  Appendix  II,  containing  the  details 
of  corrections  to  assumed  places. 
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